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Introduction

Our world is witnessing radical transformations thanks to the massive
advancements in technology, particularly in Artificial Intelligence (Al), which
has become a key driver for the Fourth Industrial Revolution. Al has moved from
being a mere theoretical concept to a tangible reality surrounding us in every
aspect of our daily lives, starting from smartphones to self-driving cars. The
power of Al lies in its ability to simulate, and sometimes surpass, the human
mind's capabilities in learning, reasoning, problem-solving, and decision-making.
Through complex algorithms and massive databases, Al systems can analyze
colossal amounts of data and extract valuable patterns and information that
traditional methods could never uncover. We present these lectures on ""Expert
Systems and Artificial Intelligence™ as a concise guide that explores the features
of this evolving technology. We offer the student a simplified look into the roots
of Al and its historical development, all the way to the latest applications and
future trends. These lectures and lessons also aim to bridge the gap between
theoretical knowledge and practical applications, with a special focus on Expert
Systems (ES). ES is a branch of Al designed to mimic the human experts' ability
to solve complex problems in specific domains. It reviews the essential
components of Expert Systems, such as knowledge bases, inference engines, and
user interfaces, and discusses how to design and develop them. It also addresses
the challenges facing the construction of ES and how to overcome them.
Furthermore, these lectures cover the role of Machine Learning (ML), which is
considered one of the most important tributaries of Al, in developing Expert
Systems. It explains the content of various ML techniques, such as supervised,
unsupervised, and reinforcement learning, and how they can be used to enhance
the ES's ability to learn and adapt to changing environments. This is done while
also touching upon the ethical and legal aspects associated with Al, such as
accountability for errors that Al systems may commit, bias in the data used to
train these systems, and their societal impacts.

Dr. Hathat Mohamed
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First Axis: Introduction to Artificial Intelligence and Expert Systems:
Chapter One: Definition and History of Artificial Intelligence:

1. Definition of Artificial Intelligence: Artificial Intelligence (Al) is a
branch of computer science that aims to develop systems capable of simulating
human mental capabilities, such as learning, reasoning, problem-solving, and
decision-making. In other words, it is an attempt to create intelligent machines

that can perform tasks typically requiring human intelligence’. Al encompasses a
wide range of techniques and methodologies, including:

Machine Learning (ML): Relies on training systems with massive amounts
of data to independently learn to detect patterns and make decisions.

Deep Learning (DL): A sub-field of ML that uses complex artificial neural
networks to analyze complex data like images, videos, and texts.

- Artificial General Intelligence (AGI): Aims to develop intelligent systems
capable of performing any mental task a human can?.

2. History of Artificial Intelligence: The idea of Al dates back to ancient
times, where philosophers imagined machines capable of thought. However, the
term itself first appeared in the 1950s when a conference was held at Dartmouth
University, dedicated to discussing the possibility of building intelligent
machines. Key stages in the history of Al:

- The 1950s and 1960s: This period saw great enthusiasm for Al, and some
simple achievements were made in areas such as games and mathematical
theorem proving.

- The 1970s and 1980s: Al faced difficulties, and expectations declined due
to the limited capabilities of computers and available data.

- The 1990s: This decade witnessed a resurgence of interest in Al, especially
with the emergence of new algorithms and expert systems?.

! Michela Pellicelli, Managing the supply chain, in The Digital Transformation of Supply Chain
Management, Elsevier, 2023, pp 257-261, https://doi.org/10.1016/C2020-0-02458-8

2 paolo De Giglio, A Brief History of Artificial Intelligence, acces 10-10-2024, cit:
https://colibryx.com/en/blog/artificial-intelligence-history

3 Mohamed Mohana, History of Artificial Intelligence, 03-01-2023, acces 10-09-2024:
https://www.mohdmohana.com/post/the-history-of-artificial-intelligence-ar/
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- The New Millennium: Al achieved huge progress thanks to the massive
development in computing power and the availability of vast amounts of data,
leading to the emergence of new applications like speech and image recognition,
and machine translation.

- The Second Decade of the 21st Century: We witnessed a real revolution
in Al with the advent of Large Language Models (LLMs) like ChatGPT, which
demonstrated astonishing capabilities in text generation, translation, and
summarization. Factors contributing to the development of Al:

Increased Computing Power: Processors evolved and became capable of
processing huge amounts of data quickly.

- Availability of Big Data: Collecting and storing data became easier and
more efficient, providing the necessary training for Machine Learning systems.

- Algorithm Development: New, more efficient algorithms were developed,
capable of learning from complex data.

Significant Investment: Interest in Al increased from governments and
corporations, leading to greater investment in the field.

Chapter Two: The Importance of Artificial Intelligence in the Current
Era:

1. The Impact of Artificial Intelligence on Various Sectors: Al is
undergoing rapid development, leading to radical transformations across
various sectors. Here are some examples of its impact:

Healthcare Sector: Helps in analyzing complex medical data for more
accurate disease diagnosis and developing new treatments, and is used in

developing surgical robots and providing remote healthcare®.

Financial Sector: Al contributes to detecting financial fraud, assessing
credit risks, and providing personalized banking services. It is also used in stock
trading and investment decision-making.

* Mukesh Singh, The Impact of Artificial Intelligence on Industries: Revolutionizing Business Processes, 22-
04-2024, acces 10-09-2024: https://www.linkedin.com/pulse/impact-artificial-intelligence-industries-
business-processes-singh-ng4mc
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Industrial Sector: Al leads to increased production efficiency through
process automation and improved machine maintenance. It is also used in product
design and supply chain optimization.

- Agricultural Sector: Al assists in analyzing agricultural data to improve
productivity and resource utilization more effectively. It is also used in crop
monitoring and weather forecasting.

Educational Sector: Al provides personalized learning systems for each
student, helping to improve the learning process. It is also used in assessing
student performance and providing educational support.

2. Challenges and Opportunities Posed by Artificial Intelligence: Artificial
Intelligence (Al) is one of the most important technological advancements of the
modern era, holding the potential to transform multiple aspects of our lives, from
healthcare to the economy and even social relations. However, as with any
revolutionary technology, Al comes with a complex set of challenges and
opportunities that require us to understand and address them responsibly.

First: Challenges The rapid developments in Al raise deep concerns about its
impact on society, as it can disrupt the current balance of jobs, threaten our
privacy, and even exacerbate existing social problems.

Job Loss and a Changing Labor Market: One of the most prominent
challenges is the effect of Al on the job market. While it can automate repetitive
and tedious tasks, it might, in turn, lead to the replacement of humans with
machines in many jobs, especially those relying on routine tasks like data entry,
manufacturing, or even some aspects of accounting. This doesn't necessarily mean
a permanent rise in unemployment; rather, Al is expected to completely reshape
the labor market, requiring the workforce to acquire new skills in areas such as
programming, data analysis, and supervising Al systems.

Privacy and Cybersecurity: Al systems rely heavily on collecting and
analyzing vast amounts of data to learn and operate effectively. This intensive
use of personal data, from search history to health data, raises serious concerns
about privacy. We must establish strict legal and ethical frameworks to ensure
this data is used responsibly and is protected from hacking or exploitation. The
more capable Al becomes at understanding our behavior, the greater the need to
protect our digital security.
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Bias and Discrimination: Al systems are trained on real-world data. If this
data contains historical or social biases, the system will learn and reproduce
them, leading to biased and unfair outcomes. For instance, an automated hiring
system might learn to favor candidates from specific groups if historical data
shows those candidates were hired in the past, even if they didn't have superior
skills. Addressing this challenge requires significant efforts to clean datasets and
develop transparent algorithms that can be reviewed and verified.

Ethics and the Risks of Autonomous Weapons: The development of
Autonomous Weapons (AW), which can make lethal decisions without human
intervention, poses one of the most dangerous ethical challenges. This potential
raises questions about responsibility—who is to blame when a mistake occurs—
and whether we should grant machines the authority to make decisions affecting
human lives. This issue necessitates an urgent global discussion to establish
international rules that prevent the use of such weapons and enhance human
oversight in critical decision-making.

Second: Opportunities As much as they raise challenges, Al opens up broad
horizons for human progress. It possesses the ability to improve our lives like
never before, stimulate innovation, and expand the boundaries of human
knowledge.

Improving Quality of Life and Solving Global Problems: Al can be a
powerful tool to confront some of the biggest global problems. In healthcare, it
can aid in diagnosing diseases faster and more accurately, developing new
medicines, and customizing treatments for each patient. In addressing climate
change, it can improve energy efficiency, analyze climate data to predict natural
disasters, and enhance the management of natural resources. This ability to
analyze complex data makes it an invaluable tool in helping humanity create a
better world.

Increased Productivity and Economic Growth: By automating routine tasks
and providing valuable insights through data analysis, Al can significantly
increase the efficiency of companies and institutions. This leads to increased
productivity, improved quality of products and services, and reduced costs. In the
long term, this can lead to unprecedented economic growth and the creation of
new jobs in Al-dependent industries.

Innovation of New Products and Services: Al opens the door to new
innovations we couldn't have imagined before. From self-driving cars to personal
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voice assistants and instant translation systems that break down language barriers.
These developments not only improve our daily lives but also create entirely new
industries and change how we interact with the world.

Advancing Human Knowledge and Uncovering New Secrets: Al can
process massive amounts of research data, helping scientists discover new
patterns and better understand complex phenomena. In fields like astronomy,
physics, and genetics, it can significantly accelerate the pace of scientific
discoveries. It is a powerful tool for expanding the boundaries of human

knowledge, enabling us to understand the world around us more deeply®.

We must treat Al not just as a tool, but as a driving force that can change the
course of history. Can we harness its enormous opportunities while responsibly
confronting its challenges? This is the question that will define our future.

Chapter Three: The Concept and Objectives of Expert Systems

1. Definition of Expert Systems: An Expert System (ES) is a computer
program designed to simulate the capabilities and expertise of a human expert
in a specific domain. This system is distinguished by its ability to solve complex
problems and make decisions that typically require extensive human expertise. In
other words, it is an attempt to transfer the knowledge of a human expert into a
computer so it can be used to solve problems in the same field. An Expert System
can be defined as an advanced computer program specifically designed to imitate
or simulate the capabilities and expertise of a human expert in a defined
knowledge domain. Simply put, it is an attempt to transfer human knowledge
from the expert's mind to a digital database, enabling the computer to use this
knowledge to solve complex problems. Unlike traditional programs that rely on
pre-defined algorithms, an ES has the ability to reason, i.e., to draw new
conclusions based on the available information.

2. Essential Components of an Expert System (Knowledge Base, Inference
Engine, User Interface): An Expert System primarily consists of three main
components:

Knowledge Base: This is a set of facts and rules that represent the expert's
knowledge in the specific domain. These rules are typically in the form of "If...
then,” indicating the relationship between different facts. For example, in an

> GAO-18-644T, Artificial Intelligence:Emerging Opportunities, Challenges, and Implications for Policy and
Research, 26-06-2018, acces 10-09-2024: https://www.gao.gov/products/gao-18-644t
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expert system for disease diagnosis, there might be a rule that says: "If a patient
has fever, cough, and shortness of breath, then the likely diagnosis is pneumonia.”

Inference Engine: This is the component responsible for using the
knowledge base to solve problems. The engine works by matching known facts
with the rules in the knowledge base and inferring new facts based on this
matching. In other words, the engine applies logic to the existing knowledge to
arrive at a solution to the problem.

User Interface: This is the part with which the user interacts. The user
interface allows the user to input the necessary information to solve the problem
and view the results reached by the system. The user interface must be easy to

use and clear so that a non-specialist in Al can utilize the system®.

3. Objectives of Expert Systems: Expert Systems aim to achieve several
objectives, including:

Knowledge Preservation: ES work to preserve and document the
knowledge of experts, which helps in maintaining this knowledge and transferring
it to future generations.

Knowledge Distribution: ES can be used to distribute specialized
knowledge to a wide range of users, even those who lack sufficient expertise in
the specific domain.

Improved Decision Making: ES help in making better and faster
decisions due to their ability to analyze large amounts of data and information.

Increased Productivity: ES can increase productivity in many fields, such
as industry, medicine, and engineering.’

Cost Saving: ES can save costs by reducing the need for human experts in
some tasks. Expert Systems are a powerful tool in the field of Al, contributing to
solving complex problems and improving decision-making across many domains.
With the evolution of Al technologies, ES are expected to undergo significant
developments in the future, increasing their capability to handle more complex
problems and provide more accurate solutions.

® javatpoint, What is an Expert System?, acces 10-09-2024: https://www.javatpoint.com/expert-
systems-in-artificial-intelligence

" Victoria Y. Yoon & Monica Adya, Expert Systems Construction, Encyclopedia of Information Systems,
2003, Pp 291-300, https://doi.org/10.1016/B0-12-227240-4/00068-X
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Chapter Four: Practical Applications of Expert Systems in Various Fields:

Expert Systems are considered one of the most important applications of
Artificial Intelligence, having revolutionized many fields. These systems are
distinguished by their ability to simulate the capabilities and expertise of
human experts in solving complex problems and making decisions, making them
a powerful tool across various industries.

1. Applications in Library Science: Expert Systems, a branch of Artificial
Intelligence, have become a vital tool in many fields, including library and
information science. These systems emulate the abilities of human experts in
decision-making and solving complex problems, by using knowledge bases and
inference engines. In the library field, these systems can revolutionize how
information is organized, accessed, and how services are provided to users,
making them more efficient and accurate. This expansion of their use opens up
new horizons for librarians and researchers alike.

Applications in Cataloging and Classification: Cataloging and classification
are among the fundamental pillars of library operations, aiming to
systematically organize knowledge resources to facilitate retrieval. Traditionally,
these processes rely heavily on human expertise, but Expert Systems offer
advanced solutions to accelerate these procedures and improve their accuracy.

Automated Cataloging and Data Standardization: Cataloging is a core and
time-consuming process in any library, requiring extensive human expertise to
identify and organize the descriptive information for each resource. However,

with the emergence of Expert Systems?, it has become possible to largely

automate this process, revolutionizing how library catalogs are built and
managed. These systems don't just speed up cataloging; they also enhance data
guality and standardize it, opening up new avenues for global cooperation and
information exchange between libraries.

Automated Cataloging: From Human Effort to Artificial Intelligence
Traditionally, a librarian manually examines each resource (book, article, film,
etc.) and determines the metadata. This data includes information such as the
author's name, work title, publisher, year of publication, and language. This
process, besides being lengthy, is prone to human error. Expert Systems offer a
radical solution to this problem through automated cataloging. The system can

8Patil N & Lawand S D, Research Paper On Artificial Intelligence And It’s Applications, Journal Of Advanced
Zoology 44(S8), 2023, DOI: 10.53555/jaz.v44iS8.3544.
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directly analyze digital resources, such as PDF files or web pages, and
automatically extract the descriptive data from them. For example, the system can
read the title page in an e-book, recognize the author's name and title, and then
enter this data into a new catalog record. It can also analyze the full texts of
scholarly articles to extract keywords and abstracts, enriching the catalog record
with more accurate information. This automated analysis significantly reduces
the effort and time required by librarians, allowing them to focus on more
complex tasks that require human expertise, such as the subjective evaluation of
rare or complex resources.

Data Standardization: A Bridge for Integration Between Libraries The
importance of automated cataloging also lies in its ability to standardize data. In
the past, libraries sometimes used different cataloging standards, making
information exchange between them difficult and costly. Expert Systems address
this problem by ensuring that catalog records are created according to

standardized and globally recognized formats®, such as the MARC format or

Linked Data. The Expert System acts as a data organizer, ensuring that every
field in the catalog record (like the author or title field) adheres to the specified
rules. If there are manual input errors, the system can immediately identify and
correct them, such as detecting spelling mistakes in author names or the absence

of a mandatory field". This standardization not only guarantees the quality of the

library's internal catalog but also facilitates inter-library information exchange.
Libraries can now easily share their catalog records with each other, avoiding the
need to re-catalog the same resource multiple times. This paves the way for the
creation of unified catalogs at the national or global level, enhancing access to
information on a broader scale.

Automated Cataloging: Beyond Automation Automated cataloging is no
longer just the automation of the data entry process; it has become a step towards
intelligent cataloging that enhances the catalog's role as a powerful tool for
search and discovery. Integrating Expert Systems into the cataloging process
transforms it from a purely technical operation into one that provides added value
for users, redefining the role of the librarian in the digital age. Expert Systems
don't just place descriptive data in the right place; they go beyond to understand
the context of the content. By analyzing the full texts of resources, the system

° You-Jeong Lee, A Study on Evaluation of Usefulness of the Automated Cataloging Systems, Journal of the
Korean Society for Library and Information Science, 40(1):77-94, 2006, DOI: 10.4275/KSLI1S.2006.40.1.077.

10 Martins Amola, Al-Powered Metadata Management: Automating Data Cataloging and Discovery,
Machining Science and Technology, 4: ppl-7
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can offer suggestions for more accurate and detailed subject classifications. For
instance, if an article discusses "The Impact of Al on the Economy in the Gulf
Region," the system doesn't just classify it under "Artificial Intelligence™; it can
recommend sub-classifications like "Regional Economy" or "Information
Technology in the Middle East," making it easier for researchers to find very
specific resources. This contextual understanding also enables the system to
intelligently link resources to one another. It can automatically create links
between a book and an article discussing the same topic, or between a person's
biography and other resources they wrote or were written about. This enriches
the user's search experience, as they don't just receive the resource they searched
for, but a network of related resources they might not have thought to look for

themselves™.

Converting the Librarian's Role: From Data Entry to Information Analyst

The goal of automated cataloging is not to eliminate the librarian's role, but to
transform it. Instead of spending long hours on routine tasks like data entry, the
librarian can now focus on tasks that require human expertise and emotional
intelligence. The librarian can become an information analyst and a knowledge
guide. They can use Expert Systems to review automatically generated catalogs,
verify their accuracy, and add human insights that a machine cannot provide. For
example, they can add notes about the importance of a specific resource, offer
historical context, or even assess the resource's suitability for a particular
audience. This enhances their primary role in helping users access knowledge and
shifts their work from a technical task to a highly valued intellectual service.
Essentially, the integration of Al and library science frees the librarian from
mechanical work, allowing them to concentrate on the core of their profession:
knowledge access and presentation.

Assistance in Subject Classification: Subject classification is a complex
process that requires a deep understanding of content. Expert Systems can assist
in this task by analyzing the resource's textual content (such as the abstract,
keywords, or even the full text) and suggesting appropriate classification numbers
from well-known classification systems like the Dewey Decimal Classification
(DDC) or the Library of Congress Classification (LCC). The system relies on
a knowledge base containing classification rules, associated terms for each
classification, in addition to previous examples. For instance, if a book discusses

1'You-Jeong Lee, A Study on Evaluation of Usefulness of the Automated Cataloging Systems, Journal of the
Korean Society for Library and Information Science, 40(1):77-94, 2006, DOI: 10.4275/KSLIS.2006.40.1.077.

14
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"Artificial Intelligence in Robotics'," the system can suggest a classification

number that links the two topics of "Artificial Intelligence” and "Robotics.” This
not only speeds up the classification process but also reduces the variability in
classification among different librarians, leading to more consistent results.

Applications in Reference Information Services and Search: Reference
services are a fundamental part of library work, where librarians assist users in
finding the information they need. Expert Systems can significantly enhance these
services by offering advanced search capabilities and personalized
recommendations.

Semantic Search Engines and Answering Queries: Expert Systems can
power Semantic Search Engines that do not merely look for keywords but
understand the context of the query. For example, instead of searching for
"History of ancient Rome," a user might ask, "When was the city of Rome
founded?" The Expert System will understand that the question requires a specific
date and will search historical sources to find the answer. These systems can also
function as Virtual Assistants or Chatbots to answer common questions, such
as library opening hours, borrowing rules, or how to access a specific database.
This allows libraries to provide 24/7 reference services, saving time and effort
for both users and librarians.

Personalized Recommendation Systems: Just like digital streaming
platforms that recommend movies and series, Expert Systems in libraries can
provide personalized recommendations to users. The system relies on analyzing
users' past behavior (such as borrowed books, topics searched, or articles read) to
suggest other resources that may be of interest to them. For example, if a user has
read several books on "Artificial Intelligence” and "Ethics,” the system can
recommend the latest articles or books that combine these two subjects. This not
only enhances the user experience but also helps them discover new resources

they might not have thought to search for themselves'3.

Applications in Collection Management and Strategic Planning: Collection
management in libraries requires careful decisions regarding purchasing new

12 Martins Amola, Al-Powered Metadata Management: Automating Data Cataloging and Discovery,
Machining Science and Technology, 4: ppl-7.

13 Patil N & Lawand S D, Research Paper On Artificial Intelligence And It’s Applications, Journal Of
Advanced Zoology 44(S8), 2023, DOI: 10.53555/jaz.v44iS8.3544.
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resources, discarding old ones, and evaluating usage. Expert Systems provide
powerful analytical tools to assist librarians in these complex processes.

Analyzing Resource Usage and Decision Making Expert Systems can
analyze collection usage data, such as the number of times a specific book has
been borrowed, the number of times an electronic article has been accessed, or
even the time periods during which resources are heavily used. Based on this
analysis, the system can recommend new books to be purchased to meet user
needs, or suggest discarding books that haven't been used for a long time. This
helps libraries allocate their budgets more efficiently and ensures that the
available collections meet the needs of the user community. For example, if there
is high demand for books related to "Data Science," the system can recommend
purchasing the latest editions in this field.

Strategic Planning and Predicting Future Needs Expert Systems enable
libraries to engage in long-term strategic planning by predicting future needs.
The system can analyze trends in academic research, changes in curricula, or
developments in industry to forecast the topics that will be important in the future.
This allows libraries to make proactive decisions about building their collections.
For example, if there is an increase in interest in the field of "Renewable Energy,"
the system can recommend that the library start purchasing new resources in this
area before demand becomes high.

Challenges and Ethical Considerations Despite the numerous benefits, there
are challenges that must be addressed when implementing Expert Systems in

libraries™. These systems require vast amounts of data for training and also

demand continuous maintenance and updating of their knowledge bases.
Furthermore, there are important ethical considerations related to privacy and
bias.

Privacy Challenges and Data Bias When Expert Systems analyze user
behavior to provide recommendations, they collect personal data, which raises
concerns about privacy. Libraries must ensure that this data is used responsibly
and in accordance with data protection laws. Moreover, the bias in the data
used to train the system can lead to unfair or biased outcomes. For example, if
historical data shows that most users from a specific demographic read books on

14 Patil N & Lawand S D, Research Paper On Artificial Intelligence And It’s Applications, Journal Of
Advanced Zoology 44(S8), 2023, DOI: 10.53555/jaz.v44iS8.3544.
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a certain topic, the system may tend to offer biased recommendations to this
demographic, limiting their discovery of other topics.

The Necessity of Continuous Training and Human Integration Expert
Systems are not a complete replacement for human expertise but rather a tool to
assist it. Librarians must receive continuous training to understand how these
systems work and how to use them effectively. Additionally, human integration
must remain an essential part of library services. Systems can answer routine
questions, but they cannot provide the complex advice or human interaction
that a librarian offers, such as understanding users' unstated needs or providing
emotional support. The goal should be collaboration between human and
machine, where the machine handles routine tasks, and the human focuses on
tasks requiring unique human skills.

2. Applications in Other Fields: Expert Systems (ES) are one of the oldest
and most mature branches of Artificial Intelligence, and their applications have
crossed wide boundaries, proving their effectiveness in simulating human
expertise in highly complex domains. Their ability to process data, use logical
rules, and make decisions has made them an indispensable tool in vital sectors
such as medicine, industry, and finance.

In the Medical Field: Supporting Doctors and Improving Healthcare
The medical field is one of the biggest beneficiaries of Expert Systems, where
these systems are used as assistant tools for doctors and researchers.

Medical Diagnosis: ES are used to help doctors diagnose diseases with
greater accuracy and speed. The system analyzes a set of symptoms entered by
the doctor, laboratory test results, and the patient's medical history. It then
compares this data with a vast knowledge base containing information about
thousands of diseases and their relationship to various symptoms. Based on this
analysis, the system can provide a list of potential diseases with a probability ratio
for each, supporting the doctor's decision.

- Treatment Planning: After diagnosis, these systems assist in developing
personalized treatment plans for each patient. The algorithms consider the
patient's health status, age, other chronic diseases, and even known drug allergies
to suggest the best course of treatment, whether by setting a medication plan,
determining specific dosages, or proposing surgical interventions. This
contributes to reducing medical errors and improving treatment outcomes.
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Medical Education: ES are excellent educational tools for medical students.
Students can interact with programs that simulate real-life patient cases and learn
how to think like an expert in diagnosis and treatment decisions. The system
provides the learner with immediate feedback on their choices, explaining why
some decisions were correct and others were not, thus enhancing their clinical
skills.

Medical Research: In research, ES are used to analyze massive amounts of
medical data, such as electronic health records, clinical trial results, and genetic
data. The system can discover patterns and relationships that would be difficult
for humans to notice, such as the relationship between certain genetic factors and
the response to a specific drug, contributing to the discovery of new treatments or
improving our understanding of diseases.

In the Industrial Field: Increasing Efficiency and Quality In factories and
industrial operations, Expert Systems are used to increase efficiency, reduce costs,
and improve product quality.

Predictive Maintenance: Instead of waiting for a machine to break down, ES
can predict failures before they occur®™. The system analyzes data coming from

sensors on machines, such as temperature, vibration levels, or pressure rate. If the
system observes an abnormal pattern in this data, it alerts technicians that the
machine may need maintenance, preventing unplanned production downtime and
reducing the costs of major repairs.

- Quality Control: On production lines, these systems continuously monitor
product quality. They can analyze images from high-resolution cameras, or read
data from sensors, to detect any defects in the product. If a flaw is detected, the
system can not only reject the product but also analyze the data to determine the
root cause of the problem in the production process, allowing engineers to make
the necessary adjustments.

Production Planning: ES are used to optimize production planning processes.
They can analyze complex factors such as raw material availability, machine
capacity, and customer orders to determine the best production schedule, ensuring
demand is met with the highest possible efficiency.

15 Tanveer Ahmad & al, Energetics Systems and artificial intelligence: Applications of industry 4.0, Energy
Reports, vol 8, November 2022, Pp 334-361, https://doi.org/10.1016/j.egyr.2021.11.256
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- Product Design: ES assist engineers in designing new products. By analyzing
data related to the performance and properties of different materials, the system
can provide recommendations on the best materials to use, or suggest

modifications to the design to improve performance and durability™®.

- In the Financial Field: Risk Management and Fraud Detection The financial
sector is one of the largest users of Expert Systems, given the need to analyze
enormous amounts of data and make fast, accurate decisions.

- Financial Analysis: These systems are used to analyze financial data,
whether it's stocks, bonds, or real estate. The system can assess investment risk
by analyzing historical performance, economic conditions, and other factors,
helping investors make informed decisions.

- Fraud Detection: In financial security, ES are used to detect fraudulent
transactions. The system analyzes users' financial transaction patterns. If the
system notices an unusual pattern, such as a large transaction in a foreign country
that the user hasn't made before, it sends an alert to temporarily stop the
transaction and verify it.

- Financial Consulting: These systems are used as virtual assistants to provide
financial advice to clients. A client can input their financial goals (such as buying
a house or retirement), and the system analyzes their financial status (income,
expenses, debts) to provide personalized recommendations on how to achieve
those goals.

- Credit Assessment: When applying for a loan, ES are used to evaluate the
feasibility of granting credit. The system analyzes the client's credit history,
current financial situation, and other factors to determine the risk level associated
with granting the loan, helping banks and financial institutions make responsible
decisions.

- Law: Expert Systems are used in legal research and providing legal
consultations'.

- Geology: Used in oil and gas exploration and mineral prospecting.

16 Atta Rahman, Knowledge Representation: A Semantic Network Approach, In book: Handbook of Research
on Computational Intelligence Applications in BioinformaticsEdition: 1stChapter: 4Publisher: 1GI
GlobalEditors: Sujata Dash, Bidyadhar Subudhi, June 2016, DOI: 10.4018/978-1-5225-0427-6.

17 Almabetter, Frames in Al (Artificial Intelligence), 11th January, 2024, acces 10-11-2024, cit:
https://www.almabetter.com/bytes/tutorials/artificial-intelligence/frames-in-ai
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- Agriculture: Used to improve agricultural production and identify best
farming practices.

Machine Translation: Used to translate texts from one language to another.

- Gaming: Used to design intelligent video games that adapt to the player's
skills. The applications of Expert Systems extend to a wide range of fields, making
them a powerful tool for improving performance and increasing efficiency across
many industries. As Al technologies continue to evolve, we are expected to see
more innovative applications of Expert Systems in the near future.

Second Axis: Components of Expert Systems:
Chapter One: Types of Knowledge and Methods of Representation

1. Definition of the Knowledge Base and its Role in the Expert System: The
Knowledge Base is the heart of the Expert System, consisting of a collection of
facts and rules that represent the human expert's knowledge in a specific
domain. This knowledge is represented in an organized and clear manner so that
the computer can understand and use it to solve problems and make decisions.
The role of the Knowledge Base:

Knowledge Storage: The knowledge base stores specialized knowledge that
is difficult to obtain from other sources.

Enabling Inference: The knowledge base is used by the Expert System's
inference engine to arrive at new conclusions based on the facts and rules
contained within it.

Facilitating Modification: The knowledge base can be easily updated and
modified to add new information or correct errors.

Ensuring Consistency: It helps to ensure the consistency of the knowledge
stored in the Expert System.

2. Types of Knowledge: The knowledge present in the knowledge base can be
classified into several types:

Facts: These are descriptive data about objects or events, such as "A cat is
an animal," "The sky is blue."

Rules: These are relationships between facts, used to describe how facts are
connected. For example: "If the animal makes a meow sound, then it is a cat."
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Concepts: These are categories or classifications of things, such as "Car,"
"Color," "Size."

Procedures: These are a series of steps that must be followed to solve a
specific problem, such as "How to diagnose a specific disease."

Semantic Networks: Concept, Components, Advantages, Disadvantages,
Examples: A Semantic Network is a way of representing knowledge in the form
of a graph, where nodes represent concepts or objects, and edges represent the
relationships between these concepts. Semantic Networks are an effective tool for
representing complex and intertwined knowledge. Components of a Semantic
Network:

Nodes: Represent concepts or objects.

Edges: Represent the relationships between nodes, such as "is-a-type-of,"
"part-of," "cause." Advantages of Semantic Networks:

Flexibility: Nodes and edges can be easily added or deleted.
- Clarity: They facilitate the understanding of relationships between concepts.

Expandability: The semantic network can be expanded to include new
knowledge domains. Disadvantages of Semantic Networks:

Complexity: Semantic Networks can become very complex when
representing large amounts of knowledge.

Difficulty of Update: Updating a Semantic Network can be difficult,

especially if it is large and complex. Examples of Semantic Networks'®:

- Semantic Networks in Medicine: Used to represent relationships between
diseases, symptoms, and treatments.

- Semantic Networks in Engineering: Used to represent relationships
between mechanical parts.

- Semantic Networks in Natural Languages: Used to represent meanings,
words, and phrases.

3. Frames: Concept, Components, Advantages, Disadvantages, Examples:
Frames are a data structure used to represent knowledge about objects or

18 Javatpoint, What is an Expert System?, acces 07-10-2024, cit: https://www.javatpoint.com/expert-systems-
in-artificial-intelligence
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concepts in the real world. Each frame represents a prototype of a concept and
contains a set of properties (Slots) that describe this concept, and values for
these properties (Fillers). Components of a Frame:

Frame Name: The name that identifies the concept represented by the
frame.

Slots: Attributes or qualities that describe the concept.
Fillers: The values that the properties take.
Sub-Frames: A frame can have sub-frames that represent more specialized

concepts. Advantages of Frames'®:

Frames help to organize knowledge hierarchically, making it easier to
understand and use.

Sub-frames can inherit properties from parent frames, which reduces
redundancy.

Handling Incomplete Knowledge: Frames can deal with vague or
incomplete information. Disadvantages of Frames:

Complexity: Frames can become very complex when representing intricate
concepts.

Difficulty of Modification: Modifying frames can be difficult, especially if
they are large and complex. Examples of Frames:

""Car" Frame: Contains properties like "Color," "Type,"” "Year," "Number
of Doors."

"Person' Frame: Contains properties like "Name," "Age," "Address,"
"Occupation."”

4. Logic: Logic is a fundamental tool for representing knowledge and inferring
new information.

Propositional Logic: Deals with simple statements that can be true or false,
and uses logical operations like "AND," "OR," "NOT."

19 Febria Anjara & Adam Amril Jaharadak, Expert System for Diseases Diagnosis in Living Things: A
Narrative Review, Journal of Physics, 2019, acces 11-10-2024, cit:
https://iopscience.iop.org/article/10.1088/1742-6596/1167/1/012070/pdf
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First-Order Logic: Considered more complex than propositional logic, as
it allows representing relationships between objects and quantities.

Fuzzy Logic: Deals with vague and imprecise information, using concepts
like "large," "small," "fast?°."

5. Procedural Knowledge Representation: Procedural representation
focuses on how things are done, not just on describing things.

Production Rules: An "If... then" rule that specifies an action to be taken if
a certain condition is met.

Scripts: A series of procedures executed sequentially to perform a specific
task.

Comparison of Knowledge Representation Methods: Semantic
Networks and Frames focus on representing structural knowledge, while
Logic focuses on representing logical relationships.

Procedural Representation focuses on how things are done, while other
methods focus on describing things.

Fuzzy Logic is important for representing imprecise knowledge, which is
common in many applications.

Chapter Two: The Inference Engine and its Various Mechanisms

1. Definition of the Inference Engine and its Role in the Expert System:
The Inference Engine is the brain of the Expert System, responsible for
drawing new conclusions from the knowledge base. This engine works by
applying logical rules to the facts and knowledge contained in the knowledge
base to arrive at a solution to the posed problem. In other words, it is what converts
static knowledge into new, useful knowledge. The role of the Inference Engine:

- Analysis: It analyzes the posed problem and identifies the facts and
knowledge necessary to solve it.

Inference/Reasoning: It uses logical rules to infer new facts based on the
known facts.

Explanation: It provides a logical explanation for the results reached.

20 Tama Pratama & Cahyadi AT, Effect of User Interface and User Experience on Application Sales, IOP
Conference Series Materials Science, 879(1), August 2020, p 012133, DOI: 10.1088/1757-899X/879/1/012133.
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- Learning: Some inference engines can learn from errors and adjust their
rules’.

The Inference Engine and its VVarious Mechanisms

2. Inference Mechanisms:

- Forward Chaining: Forward chaining starts with known facts and moves
toward inferring new facts by applying rules. In other words, the inference
proceeds from cause to effect. Its steps are:

- Begin with a list of initial facts.
- Search for rules that match these facts.

- If a matching rule is found, the inferred conclusion is added to the list of
facts.

- Repeat the previous steps until no new facts can be inferred. It is
characterized by being simple and easy to understand and effective in
discovering unexpected facts. Its drawbacks are:

- It may generate a large number of unnecessary conclusions.

- It might not reach the desired goal if the rules are not correctly ordered.
Example: An expert system for disease diagnosis starts with the known facts
(symptoms) and then infers the probable diagnosis.

- Backward Chaining: Backward chaining starts with the goal to be
achieved and moves backward??, searching for the facts that lead to achieving that

goal. In other words, the inference proceeds from effect to cause. Its steps are:
- Begin with the goal to be proven.
- Search for rules that contain this goal in the "THEN" (right) part.

- Check the validity of the conditions in the "' IF"* (left) part of the rule. If the
conditions are true, the goal is considered proven; otherwise, the conditions are
converted into new goals, and the process is repeated. Its advantages are that it is
effective in reaching a specific goal and reduces the number of unnecessary

2L Yogesh K. Dwivedi & al, Opinion Paper: “So what if ChatGPT wrote it?” Multidisciplinary perspectives on
opportunities, challenges and implications of generative conversational Al for research, practice and policy,
International Journal of Information Management, vol 71, August 2023, 102642,
https://doi.org/10.1016/j.ijinfomgt.2023.102642

22 Medium, What is an expert system?, Feb 6, 2024, acces 11-10-2024, cit:
https://medium.com/@mhdmusthak582/what-is-an-expert-system-bef976be3cf2
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conclusions. Its drawbacks are that it might get stuck in an infinite loop if the
rules are not correctly designed, and it may not find a solution if there's no direct
rule linking the goal to known facts. Example: An expert system for disease
diagnosis starts with a potential diagnosis and attempts to find the evidence that
supports this diagnosis.

Goal-Driven Inference (Mixed Chaining): This combines both forward
and backward chaining. It starts with the goal to be reached, then uses forward
rules to achieve this goal. Its steps are:

Define the goal.
Search for rules that can be used to reach the goal.
- Apply forward chaining to the conditions in those rules.

- Repeat the previous steps until the goal is reached or all possibilities are
exhausted.

Probabilistic Inference: This uses probabilities to assess the certainty of
conclusions, where a probability value is assigned to every rule and fact. Its
applications include:

- Text classification.

Pattern recognition®.

Prediction. Example: An expert system for disease diagnosis estimates the
probability of a patient having a specific disease based on symptoms and medical
tests.

3. Factors Influencing the Choice of Inference Mechanism:

Nature of the Problem: Some problems require forward inference, while
others necessitate backward inference.

- Volume of Knowledge: If the knowledge base is large and complex,
backward chaining might be more effective.

Required Accuracy of Results: If accuracy is crucial, probabilistic
inference can be used.

2 Qing Sun; Min Zhang; A. S. Mujumdar, Recent developments of artificial intelligence in drying of fresh
food: A review, Critical Reviews In Food Science and Nutrition, v52(2), 2018, pp 1-65, DOI:
10.1080/10408398.2018.1446900
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Response Time: Some mechanisms are faster than others in reaching results.
Chapter Three: The User Interface and its Importance

1. The Role of the User Interface in the Expert System: The User Interface
(U1) is the bridge connecting the user and the Expert System. It represents the
visible face of the system and greatly influences the user's experience and
interaction with it. The Ul plays a vital role in several aspects:

Ease of Use: The Ul provides an easy-to-use and straightforward
environment, allowing the user to interact with the system without specialized
training.

Effective Communication: The Ul works to transmit information and
knowledge from the system to the user clearly and understandably, and allows the
user to easily ask questions and receive answers.

Increased Trust: Designing an attractive and effective Ul enhances the
user's confidence 2*in the Expert System and its ability to provide accurate and

reliable solutions.

Improved Productivity: An effective Ul helps speed up the decision-
making and problem-solving process, leading to increased productivity and
efficiency.

Expanded Scope of Use: A good Ul makes the Expert System accessible to
a wide range of users, regardless of their technical background.

2. Characteristics of an Effective User Interface: For a Ul to be effective, it
must have a set of important characteristics, including:

Simplicity: The Ul must be simple and easy to understand, avoiding
excessive complexity.

Clarity: Visual and textual elements must be clear and easily readable.

Consistency: There must be consistency in the design of the Ul's various
elements, making it easier for the user to recognize and remember them.

Flexibility: The Ul should be flexible and adaptable to the needs of different
users.

24 Nazila Ali Ragimova & Vugar Hacimahmud Abdullayev, Methodology of expert system building, Technium
Romanian Journal of Applied Sciences, vol 2(3), May 2020, 140-146, DOI: 10.47577/technium.v2i3.583.
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Speed: The Ul must respond quickly to user commands, which increases
user satisfaction.

Feedback: The Ul must provide feedback to the user about their interactions
with the system.

3. Types of User Interfaces: There are many types of user interfaces, each

with its advantages and disadvantages®®. The most important types are:

Command-Line Interface (CLI): Relies on entering text commands,
suitable for users with technical expertise.

Graphical User Interface (GUI): Relies on visual elements such as icons
and windows, the most common and easiest to use.

- Web Interface: Relies on web technologies to display information and
interact with the user, suitable for cloud-based applications.

- Voice Interface: Relies on voice recognition and issuing voice commands,
suitable for mobile devices and specialized applications.

4. Examples of User Interfaces in Expert Systems: There are many examples
of user interfaces in Expert Systems, including:

Medical Systems: Use graphical interfaces to display medical information
and diagnose diseases.

Financial Systems: Use web interfaces to provide financial services to
customers.

Industrial Systems: Use command-line interfaces to control industrial
processes.

Chatbots: Use text or voice interfaces to interact with users and answer
their questions.

Chapter Four: The Explanation Facility and Interpretation of Expert
System Decisions

1. The Importance of the Explanation Facility: The Explanation Facility in
an Expert System acts as the beating heart that breathes life into this complex

2 Asri Mulyani; Dede Kurniadi; Ahmad M; Dini Destiani Siti Fatimah, Expert system development for
homeopathy medicine, IOP Conference Series Materials Science, v 1098(3), 2021, p 032058, DOI:
10.1088/1757-899X/1098/3/032058.
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system. Through explanation?®, the system transforms from a mere decision-

making machine into an intelligent partner capable of communicating with the
user and interpreting its actions. The ability to understand the logic behind the
system’s decisions not only increases user trust but also contributes to
improving the system's own performance. Designing an effective explanation
facility, however, faces many challenges, ranging from the complexity of the
knowledge the system uses to the need to provide an understandable explanation
for all users. Nevertheless, efforts in this field contribute to the development of
smarter Expert Systems capable of interacting with humans. The importance of
the explanation facility lies in the following points:

Increased Transparency: Explanation provides insight into how the
system arrived at its decision, increasing the transparency of the decision-making
process.

Enhanced Trust: When the user understands the logic behind the system's
decision, their trust in the system and their ability to rely on it increases.

Facilitated Training: Explanation can be used to train users on how to use
the system and how to interpret its results.

Error Detection: Explanation may reveal flaws in the knowledge base or
the inference logic, helping to improve the system's performance?’.

Simplified Collaboration: Explanation can be used to facilitate
collaboration between experts and users, as experts can review the system's
decisions and provide feedback.

2. Explanation Methods: There are many ways an Expert System can explain
its decisions, the most important of which are:

Linear Explanation: The steps the system followed to reach the decision
are displayed in a sequential and logical manner.

Rule-Based Explanation: The decision is explained based on the rules that
were used in the inference process.

% Geeksforgeeks, Expert Systems in Al, 26 Aug, 2024, acces 10-10-2024, cit:
https://www.geeksforgeeks.org/expert-systems/

27 Arslan I. Enikeev & al, Software Tools and Techniques for the Expert Systems Building, Conference paper,
01 December 2019, acces10-10-2024, cit: https://link.springer.com/chapter/10.1007/978-981-15-0637-6_16.
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Example-Based Explanation: The current case is compared with similar
examples the system has dealt with previously.

Interactive Explanation: Allows the user to ask questions about the
decision and request further clarification.

- Visual Explanation: Graphs and images can be used to illustrate complex
decisions.

3. Challenges in Designing the Explanation Facility: Despite the importance
of the explanation facility, it faces several challenges, including:

Complexity of Knowledge: It can be difficult to explain complex decisions
that rely on a large amount of specialized knowledge.

- Variation in Linguistic Level: The explanation must be understandable to
all users, regardless of their linguistic level®.

Limited Time: Explanation may require a long time, which can
inconvenience users.

Privacy: Some of the information the system uses to make decisions may be
sensitive, making it difficult to fully explain.

Third Axis: Building Expert Systems
Chapter One: Stages of Building an Expert System

1. Stage 1: Problem Identification: Problem identification is the first and
most important step in building any Expert System. The problem that the system
will solve must be defined accurately and clearly. The problem should be
specific and measurable, and have a significant impact on the application
domain. The problem must also be complex enough to warrant the use of an
Expert System to solve it. This stage includes defining the goals the system seeks
to achieve.

2. Stage 2: Knowledge Acquisition: After problem identification, the process
moves to the knowledge acquisition stage, which involves gathering the
knowledge necessary to solve the problem. This knowledge consists of the facts,
rules, and expertise the system needs to make decisions. This knowledge can be
obtained from several sources, such as domain experts, books and scientific

28 sayed B T, Application of expert systems or decision-making systems in the field of education, Journal of
Contemporary Issues in Business, vol 27(3), April 2021, p 2021, DOI: 10.47750/cibg.2021.27.03.159
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articles, and databases. The knowledge collected must be accurate, reliable, and
comprehensive.

3. Stage 3: Knowledge Representation: In this stage, the collected knowledge
IS represented in a form that the system can understand and process. There are
many knowledge representation methods, such as production rules, decision
trees, and artificial neural networks. The appropriate representation method is
chosen based on the nature of the problem and the available knowledge.

4. Stage 4: Inference Engine Design: The Inference Engine is the component
responsible for using the represented knowledge to solve problems. It applies the
rules of inference to the known facts to arrive at new conclusions. There are many
inference algorithms that can be used, such as logical inference, probabilistic

inference, and goal-driven inference®.

5. Stage 5: User Interface Design: The User Interface is the means by which
the user interacts with the system. The Ul must be easy to use and intuitive, and
allow the user to easily input data and obtain results. The Ul must also provide a
clear explanation of the system's decisions.

6. Stage 6: Testing and Evaluation: After the system is built, it is tested and
evaluated to ensure it works correctly and achieves the desired goals. Testing is
conducted using a set of test data, and the system's results are compared with the
expected results. The system's performance is also evaluated in terms of
accuracy, efficiency, and ease of use.

Chapter Two: The Vital Role of the Human Expert in Building Expert
Systems

1. The Expert as a Source of Knowledge: The human expert is the primary
source of knowledge in the Expert System building process. They are the person
who possesses the expertise and skill in a specific domain, which is transferred to
the system to enable it to make decisions and solve problems. The expert plays a
crucial role in:

Defining the Scope of Knowledge: The expert defines the areas the system
must cover, and the fundamental ideas and concepts it should include.

29 Michael Pollan, The Omnivore's Dilemma: A Natural History of Four Meals (New York: Penguin Press,
2006), 99-100.
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Providing Rules and Knowledge: The expert provides the rules and laws
governing their field of work, which are translated into a language the system can
understand.

- Verifying Knowledge Validity: The expert examines the knowledge
entered into the system to ensure its accuracy and comprehensiveness.

Evaluating System Performance: The expert participates in evaluating the
system's performance®, identifying its strengths and weaknesses, and suggesting

necessary modifications.

2. The Expert as a User of the System: In addition to being a source of
knowledge, the expert can also be a user of the Expert System. The expert can
use the system as a tool to assist them in solving complex problems, or as a tool
to train other users. The expert can also use the system to expand their own
knowledge and discover new aspects of their field of work.

3. Challenges in Dealing with Experts: Despite the expert's importance in the
Expert System building process, there are some challenges that may be
encountered when dealing with them:

Difficulty in Articulating Knowledge: The expert may find it difficult to
articulate their knowledge in a precise and clear language that the system can
understand.

Continuous Change of Knowledge: Knowledge in the domain may change
over time, requiring continuous updates to the system.

Limited Time: The expert may have limited time to dedicate to the system
building process.

Cost: The cost of utilizing an expert may be exorbitant. The human expert
is the backbone upon which the Expert System is built. They are the original
source of the knowledge and expertise transferred to the system to enable it to

make decisions and solve complex problems3'. The expert's role extends beyond
merely providing information; they participate in every stage of system building,

from defining the scope of knowledge to evaluating the final system's
performance. However, dealing with experts is not easy, as the difficulty in

394 . Joshua I. Irizarry and Andrew J. Hill, “What’s in a Name? Examining the Impact of Company Name on
Consumer Trust,” Journal of Business Ethics 175, no. 2 (2022): 301.

31 Pollan, Michael. 2006. The Omnivore’s Dilemma: A Natural History of Four Meals. New York: Penguin
Press.

31



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

articulating knowledge and its continuous change, in addition to time
constraints and cost, are all challenges that must be considered when building
an Expert System.

Chapter Three: Tools and Techniques for Building Expert Systems

1. Tools for Building Expert Systems: The process of building Expert
Systems relies on a diverse set of tools that facilitate and speed up the
development process. These tools can be classified into several types:

Knowledge Engineering Tools: These tools are designed to facilitate the
process of extracting knowledge from experts and converting it into a form the
system can understand and process. These tools include rule builders, ontology
builders, and knowledge graph tools.

Inference Engine Tools: These tools provide a set of algorithms and
techniques that can be used to build inference engines. These tools include
logical inference engines, probabilistic inference engines, and goal-driven
inference engines.

User Interface Tools: These tools allow for the design of attractive and
easy-to-use user interfaces for interaction with the system. These tools include
form design tools, web interface builders, and mobile application builders.

Knowledge Management Tools: These tools help in managing and
organizing the knowledge in the system. These tools include search tools, update
tools, and knowledge validation tools.

Integrated Development Environments (IDEs): These tools provide an
integrated development environment for developing all components of the

Expert System. These tools include code editors®?, debuggers, and version control
tools*3.
2. Techniques for Building Expert Systems: The process of building Expert

Systems relies on a set of advanced techniques in the field of Artificial
Intelligence. These techniques can be summarized in the following points:

32 Pollan, Michael. 2006. The Omnivore’s Dilemma: A Natural History of Four Meals. New York: Penguin
Press.

3 Irizarry, Joshua I., and Andrew J. Hill. 2022. “What’s in a Name? Examining the Impact of Company Name
on Consumer Trust.” Journal of Business Ethics 175 (2): 299-315.
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Knowledge Representation: Knowledge is represented in the Expert
System using a variety of techniques, such as production rules, decision trees,
artificial neural networks, and ontologies. Each of these techniques has its
advantages and disadvantages, and the appropriate technique is chosen based on
the nature of the problem and the available knowledge.

Inference: The Expert System uses a set of inference algorithms to arrive
at new conclusions based on the available knowledge and input data. These
algorithms include logical inference, probabilistic inference, and goal-driven
inference.

Machine Learning (ML): ML techniques can be used to train the Expert
System to learn from data and improve over time. ML techniques can be used
to build predictive models, classify data, and discover patterns.

Natural Interface: This technique seeks to enable the user to interact with
the system using natural language, making the interaction with the system
easier and more intuitive.

Integration with Other Systems: The Expert System can be integrated
with other systems, such as databases and knowledge management systems, to

provide more comprehensive solutions*.

Chapter Four: Evaluating Expert System Performance

Evaluating an Expert System's performance is a critical process to ensure its
effectiveness and accuracy in solving the problems it was designed for. The
evaluation aims to determine the extent to which the system has succeeded in
achieving its defined objectives, identify its strengths and weaknesses, and
propose necessary adjustments to improve its performance.

1. Evaluation Criteria: A diverse set of criteria can be used to evaluate the
performance of an Expert System. The most important of these criteria are:

- Accuracy: Measures the degree to which the results provided by the system
match the known correct results. Accuracy is typically calculated as the ratio of
the number of correctly classified cases to the total number of cases.

3 Russell S J & Norvig P, Artificial Intelligence: A Modern Approach, Pearson Education, 2021, p15.
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Completeness (Coverage): Measures the system's ability to cover all
possible cases it may encounter. An Expert System with high completeness is
capable of dealing with a wide range of problems.

Efficiency: Measures the speed with which the system reaches solutions and
its utilization of computational resources. A highly efficient Expert System can
provide solutions quickly and with minimal computational resources.

- Transparency (Explainability): Measures the system's ability to explain
its decisions to the user. A transparent Expert System can clarify how it arrived
at a particular result, which increases user trust in the system.

Reliability (Robustness): Measures the consistency of the system'’s
performance over time and its ability to handle new and changing data. A reliable
Expert System can provide consistent and accurate results under different

conditions®.

Expandability (Scalability): Measures the ease of adding new knowledge
to the system and modifying existing rules. An expandable Expert System is more

flexible and adaptable to changes in the environment?®.

2. Evaluation Methods: There are many methods that can be used to evaluate
the performance of an Expert System. The most important of these methods are:

- Testing with a Test Data Set: An independent test data set is used to
evaluate the system's performance. The system's results are compared with the
known correct results to calculate the accuracy and completeness criteria.

Evaluation by Experts: Domain experts evaluate the system's performance
by comparing its results with their own. Experts can also assess the system's
transparency and its ability to explain its decisions.

Self-Evaluation: The system itself can evaluate its performance by
comparing its results with previous outcomes or with the results of other systems.

Evaluation by End-Users: Feedback from end-users can be gathered to
evaluate the system's ease of use and its effectiveness in solving problems*’.

% Goodfellow I, Bengio Y & Courville A, Deep Learning, MIT Press, 2016, DOI:
10.7551/mitpress/9780262035613.001.0001.

% Bishop C M, Pattern Recognition and Machine Learning, Springer, 2006, p23.

37 Mnih V, Kavukcuoglu K, Silver D, Rusu A A, et al., Human-level control through deep reinforcement
learning, Nature 518(7540), 2015, DOI: 10.1038/nature14236.
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Fourth Axis: Machine Learning in Expert Systems

Chapter One: The Concept of Machine Learning and its Importance in
Expert Systems

1. Definition of Machine Learning (ML): Machine Learning is a branch of
Artificial Intelligence that focuses on developing algorithms and systems capable
of learning from data and adapting without the need for explicit programming
for every scenario. In other words, ML allows machines to acquire knowledge

and skills through trial and error, just as humans learn®.

Comparing ML with Traditional Programming: In traditional
programming, a set of explicit code instructions is written to perform a specific
task, which requires a deep understanding of the problem and precise steps for the
solution. In ML, the system is provided with a large amount of data, and the
system processes this data to discover patterns and relationships between them,
building a model that can predict new outcomes.

The Importance of ML in the Era of Big Data: The world is witnessing an
explosion in the amount of available data, making it difficult for humans to
analyze this data and extract valuable information. This is where the role of ML
comes in, as it can process massive amounts of data quickly and efficiently,
and discover complex patterns that are difficult for humans to observe.

The Importance of ML in Expert Systems: ML adds a new dimension to
Expert Systems, as it can:

Improve Model Accuracy: ML can enhance the accuracy of models used
in Expert Systems by learning from new and changing data.

Increase System Flexibility: An ML-based Expert System can adapt better
to changes in the environment and conditions.

Discover New Patterns: ML can uncover novel patterns in the data, which
helps improve the system's understanding of the problem.

38 Silver D, Schrittwieser J, Simonyan K, Antonoglou I, et al., Mastering the Game of Go without Human
Knowledge, Nature 550(7676), 2017, DOI: 10.1038/nature24270.
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Expand the Scope of Applications: ML can be used to develop Expert
Systems in new domains, such as image and video analysis, speech recognition,

and machine translation®.

Example: To illustrate, consider a medical diagnosis Expert System. In the past,
building such a system required collecting a large number of medical rules and
laws. Today, ML can be used to train the system on millions of medical records,
allowing it to recognize disease patterns and diagnose illnesses with greater
accuracy.

2. Challenges Facing Traditional Expert Systems, and How ML Can Solve
Them: Traditional Expert Systems face a set of challenges that limit their ability
to deal with complex problems and adapt to environmental changes. The advent
of ML techniques has opened new horizons for solving these challenges and
improving the performance of Expert Systems. The most prominent challenges
facing traditional Expert Systems are:

Difficulty in Knowledge Representation: Traditional Expert Systems rely
on fixed rules and laws to represent knowledge, making it difficult to represent
vague and complex knowledge.

Lack of Flexibility: It is difficult to modify traditional Expert Systems to
adapt to environmental changes, as this requires manual modification of rules

and laws?*°,

Dependence on Experts*': The process of building traditional Expert

Systems requires heavy reliance on human experts to provide knowledge and
rules, making the process costly and lengthy.

Difficulty Handling Big Data: Traditional Expert Systems cannot
effectively deal with large amounts of unstructured data, limiting their ability
to discover complex patterns.

The Role of ML in Solving These Challenges:

39 vaswani A, Shazeer N, Parmar N, Uszkoreit J, et al., Attention Is All You Need, Advances in Neural
Information Processing Systems 30, 2017.

40 Michael Pollan, The Omnivore's Dilemma: A Natural History of Four Meals (New York: Penguin Press,
2006), 99-100.

41 He K, Zhang X, Ren S & Sun J, Deep Residual Learning for Image Recognition, Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition, 2016, DOI: 10.1109/CVPR.2016.90.
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More Flexible Knowledge Representation: ML uses techniques such as
Artificial Neural Networks and Deep Learning to represent knowledge in a
more flexible way, capable of handling unstructured data.

Increased Flexibility: ML-based systems can learn from new data and
adapt to environmental changes independently, which increases their flexibility
and ability to evolve.

Reduced Reliance on Human Experts: ML can learn rules and laws
directly from data, reducing reliance on human experts.

Handling Big Data: ML techniques are specifically designed to deal with
large amounts of data, allowing Expert Systems to extract valuable information
from this data.

Examples of ML Applications in Expert Systems:

Medical Diagnosis: ML can be used to train Expert Systems to diagnose
diseases with high accuracy by analyzing medical images and patient records.

Failure Prediction: ML can be used to predict the failure of machines and
equipment before it occurs*?, which helps reduce costs and increase efficiency.

Recommendations: ML can be used to provide personalized
recommendations to users based on their behavior and preferences.

Machine Learning is a powerful tool for solving the challenges facing
traditional Expert Systems. By enabling systems to learn from data and adapt to
environmental changes, ML opens up new prospects for developing smarter
Expert Systems capable of solving complex problems.

Chapter Two: Types of Machine Learning

1. Supervised Learning: Supervised learning is a branch of ML that relies on
training models on labeled data, meaning data that contains known inputs and
outputs. This data is used to train the model to find a relationship between inputs
and outputs, allowing the model to then predict the outputs for new, unseen
data. In other words, supervised learning is similar to teaching a young child to
recognize shapes; we show the child pictures of different shapes and tell them the

42 Krizhevsky A, Sutskever | & Hinton G E, ImageNet Classification with Deep Convolutional Neural
Networks, Advances in Neural Information Processing Systems 25, 2012.
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name of each shape. After a while, the child is able to recognize new shapes they
haven't seen before based on the knowledge they have acquired.

Examples of Supervised Learning:

Classification: Aims to categorize data into predefined classes. For
example, classifying emails as benign or spam, or classifying images as pictures
of cats or dogs.

Regression: Aims to predict a numerical value based on a set of inputs.
For example, predicting the price of a house based on its area, number of rooms,
and location, or predicting room temperature based on sensor readings.

Supervised Learning Algorithms There are many algorithms used in
supervised learning, each with its advantages, disadvantages, and specific

applications. The most famous of these algorithms are*:

- Artificial Neural Networks (ANN): Inspired by the structure of the human
brain, they are characterized by the ability to learn from complex and non-linear
data. ANNSs are used in a wide range of applications, such as image and speech
recognition, and machine translation.

Support Vector Machines (SVM): A powerful algorithm for
classification and regression, based on the idea of separating data into classes
using hyperplanes. SVM is known for its good performance in cases of high data
dimensionality.

Decision Trees: Represent the relationships between independent and
dependent variables in the form of a tree. Decision trees are used in decision-
making and data classification.

Logistic Regression: Used to predict a binary value (such as 0 or 1, yes or
no). It is widely used in applications like email classification and consumer
behavior prediction.

Choosing the Right Algorithm Choosing the appropriate algorithm depends
on several factors, including:

Nature of the Data: Is the data numerical or categorical? Is it linear or non-
linear?

43 Lecun Y, Bengio Y & Hinton G, Deep learning, Nature 521(7553), 2015, DOI: 10.1038/nature14539.
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Size of the Data: Is the data large or small?

The Problem You Are Trying to Solve: Do you want to classify data or
predict a numerical value*?

Required Performance: Do you need high accuracy or fast execution?

2. Unsupervised Learning: Unsupervised learning is a branch of ML that aims
to discover hidden patterns and relationships in data without the need for a pre-
labeled data set. In other words, data is presented to the algorithm without any
prior classifications or labels, and the algorithm is left to discover the underlying

structures and patterns in this data on its own*.

Examples of Unsupervised Learning Applications:

Clustering: Aims to divide a data set into subgroups (clusters) such that the
data within each group is as similar as possible, and the data between groups is
different. For example, clustering can be used to segment customers into groups
based on their purchasing behaviors, helping companies design more targeted
marketing campaigns.

- Anomaly Detection: Aims to identify unusual data or outliers in a data set.
For example, anomaly detection can be used to detect fraud in financial
transactions or detect failures in industrial machinery.

Dimensionality Reduction: Aims to represent complex data in a lower-
dimensional space while preserving as much information as possible. This is
useful for improving the performance of ML algorithms and facilitating data

visualization?.

Unsupervised Learning Algorithms:

K-means Clustering: One of the most famous clustering algorithms, it
divides the data into a specified number of clusters (K). The algorithm starts by
randomly selecting K points as the center for each cluster, then assigns each data

44 Gholizadeh M H & Moradi S S, Al-Powered Knowledge Management: From Theory to Practice, Springer,
2023, DOI: 10.1007/978-3-

%5 B. Chen, "Adaptive Expert Systems for Dynamic Environments," IEEE Transactions on Knowledge and
Data Engineering, 2024, p56.

46y, Wang, "Continuous Learning Frameworks for Expert Systems: A Survey," Journal of Artificial
Intelligence Research, 2023, ppl1-11.
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point to the nearest center. After that, the cluster centers are recalculated, and this
process is repeated until the system reaches a stable state.

Principal Component Analysis (PCA): A technique used to reduce the
dimensionality of data by identifying the directions that contain the most
variance in the data. The data is then projected onto these directions to obtain a
new representation of the data with fewer dimensions.

Why Use Unsupervised Learning?

Discover Hidden Patterns: Unsupervised learning can uncover patterns and
relationships in data that were previously unknown, which can lead to new
discoveries and deeper knowledge about the data.

- Analyze Unlabeled Data: Unsupervised learning can be applied to data that
does not have prior labels, making it a powerful tool for data analysis in many
fields.

Data Preparation for Supervised Learning: Unsupervised learning can be
used to prepare data for supervised learning by reducing dimensionality and
removing noise.

Real-World Examples of Unsupervised Learning Applications:
Marketing: Clustering customers into different segments to define targeted
marketing strategies®’.
Fraud Detection: Detecting suspicious financial transactions.

Image Analysis: Discovering patterns in medical images for disease
diagnosis.

- Text Analysis: Grouping texts with similar topics.

3. Reinforcement Learning (RL): Reinforcement Learning is a branch of ML
concerned with training an agent to make a sequence of decisions in a specific

environment to achieve the maximum possible reward*. The reinforcement

learning process can be compared to a child learning to ride a bicycle, where the

47, Zhang, "Self-Improving Expert Systems with Reinforcement Learning,” ACM Transactions on Intelligent
Systems and Technology, 2021, p55.

48 5. Kim, "Building Resilient Expert Systems through Error-Based Learning," Cognitive Systems Research,
2020, p13.

40



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

child learns through trial and error, and the goal is to learn how to maintain
balance and move forward.

Components of the Reinforcement Learning Environment: The RL
environment consists of several basic elements:

- Agent: The entity that makes decisions and learns by interacting with the
environment.

Environment: The world in which the agent interacts, and its state changes
based on the agent's actions.

States: Different descriptions of the environment at different time moments.
- Actions: The procedures the agent can take to influence the environment.

Rewards: Numerical values the agent receives as a result of its actions.
Positive rewards encourage the agent to repeat successful actions, while negative

rewards reduce the likelihood of repeating unsuccessful actions®.

Reinforcement Learning Algorithms: There are many algorithms used in
reinforcement learning, the most famous of which are:

- Q-learning: A simple and effective algorithm based on a Q-table that
represents the value of each state-action pair. The Q-table is continuously updated
based on the rewards the agent receives.

Deep Q-Networks (DQN): An extension of the Q-learning algorithm that
uses deep neural networks to estimate the values of the Q-table. DQN allows

processing complex, high-dimensional environments*.

The Reinforcement Learning Process:

Interaction: The agent interacts with the environment by taking different
actions.

Observation: The agent observes the changes that occur in the environment
as a result of its actions and receives rewards.

49D, O'Connor, "Real-Time Adaptation in Medical Expert Systems," International Journal of Medical
Informatics, 2024, ppl1-22.

%0 A. Hassan, "Statistical Methods for Knowledge Acquisition from Big Data," Data & Knowledge
Engineering, 2022, p59.
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- Learning: The agent uses the chosen algorithm to update the Q-table or the
neural network, thereby improving its ability to make decisions in the future.

- Iteration: This process is repeated several times until the agent reaches a
satisfactory performance level.

Reinforcement Learning Applications:

- Gaming: Developing programs capable of playing complex games like
chess and Go.

- Robotics: Training robots to perform complex tasks in dynamic

environments>',

- Self-Driving Cars: Training cars to make the correct decisions while
driving.

- E-commerce: Developing intelligent recommendation systems for users.

4. Comparison of Machine Learning Types: When to Use Each Type,
Advantages and Disadvantages of Each Type.

ML Type Description When to Use Advantages Disadvantages
Supervised The model | Image High accuracy, | Requires
Learning learns from | classification, results can be | intensive labeled
labeled data | price prediction, | easily data, may be
containing fraud detection | interpreted difficult to obtain
known  inputs high-quality
and outputs. labeled data
Unsupervised | The model | Customer Does not | Difficulty
Learning discovers hidden | clustering, require labeled | interpreting
patterns and | pattern data, can | results, results
relationships in | discovery, discover new | may be
unlabeled data. | dimensionality | patterns ambiguous
reduction
Reinforcement | The agent learns | Video  games, | High Requires a long
Learning to make | robotics,  self- | flexibility, can | training  time,
decisions driving cars learn in | may be difficult
through dynamic to design an
interaction with environments | accurate
the environment

51 M. Ali, "Incremental Knowledge Acquisition in Decision Support Systems," Information Sciences, 2023,
p44.

42



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

and  receiving simulation

rewardss2, environment
Semi- Combines Image Can benefit | Requires a
Supervised supervised and | classification from a large | delicate balance
Learning unsupervised with little | amount of | between labeled

learning, using a | labeled data, | unlabeled data, | and  unlabeled

small amount of | improving improves data

labeled data and | model model accuracy

a large amount | performance

of unlabeled

data.

Chapter Three: Applying Machine Learning Techniques to Expert
Systems

1. Improving Knowledge Base Quality: The knowledge base is the heart of
the Expert System, containing all the facts and rules the system uses to solve
problems. Machine learning techniques can contribute to improving the quality of
this base in several ways:

Discovering Hidden Patterns and Rules: Using unsupervised learning
algorithms such as Principal Component Analysis (PCA) and Clustering to
discover hidden patterns and relationships between the data in the knowledge
base. These patterns can be used to discover new rules or improve existing ones.

Improving Rule Accuracy: Using supervised learning techniques such as
Acrtificial Neural Networks and Support Vector Machines (SVM) to train the
model to determine the accuracy of existing rules in the knowledge base. These
models can be used to identify rules that need modification or deletion.

- Automatic Knowledge Base Update: Using reinforcement learning
techniques to train the system to continuously update the knowledge base based
on interactions with users and the environment. The agent in the system can learn
through trial and error and modify the rules to improve the system's performance.

52 F, Chen, "Challenges and Opportunities in Data-Driven Knowledge Acquisition,” ACM Computing
Surveys, 2020, p60.
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2. Improving the Inference Engine: The inference engine is responsible for
drawing conclusions from the knowledge base. Machine learning techniques can

improve the performance of the inference engine in several ways>3:

Improving Search Strategies: Using reinforcement learning techniques to
train the inference engine to select the best strategy for searching for solutions

in the knowledge base*.

Dealing with Uncertainty: Using Bayesian networks to represent the
relationships between different variables in the knowledge base and deal with
uncertainty in information.

Detecting Inconsistencies: Using ML techniques to detect and fix
inconsistencies in the knowledge base.

3. Improving the User Interface: The user interface is the point of
interaction between the user and the Expert System. Machine learning techniques
can enhance the user experience in several ways:

Natural Language Understanding (NLU): Using Natural Language
Processing (NLP) techniques to enable users to interact with the system using
natural language instead of strict query language.

Smart Recommendations: Using recommendation techniques to provide
suggestions to users based on their previous behavior and preferences.

Learning from Mistakes: Using ML techniques to analyze user
interactions with the system and identify common errors, thereby improving the
user interface and providing better assistance to users.

4. Improving the Explanation Facility: The explanation facility is
responsible for interpreting the conclusions reached by the system to the user.
Machine learning techniques can improve the quality of the explanation in several
ways:

Natural Language Generation (NLG): Using NLG techniques to create a
clear and concise explanation of the conclusions.

%3S, Jones, "Using Machine Translation in Digital Libraries," Journal of the American Society for Information
Science and Technology (JASIST), 2023, p11-15.

54 C. Evans, "Adaptive User Interfaces for Library Expert Systems," Library Hi Tech, 2022, p31.

5Y. Chen, "The Future of Libraries: Expert Systems and Beyond," Future Library Journal, 4(5): 41, 2020.
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Customizing the Explanation: Tailoring the explanation based on the
user's level of knowledge.

Providing Examples: Providing examples to illustrate complex concepts.

Machine learning techniques are a powerful tool for improving the
performance of Expert Systems. By improving the quality of the knowledge base,
enhancing the inference engine, improving the user interface, and refining the
explanation facility, Expert Systems can provide more accurate and effective
solutions to complex problems.

Chapter Four: Improving Expert System Performance Through Learning

1. Continuous Learning: Continuous learning is a vital process to ensure
that Expert Systems remain effective and keep pace with continuous changes in
the environment and data. This type of learning allows the Expert System to learn
from its past experiences and adapt to new conditions, leading to continuous
improvement in its performance.

Mechanisms for Continuous Learning in Expert Systems:

Learning from Errors: The Expert System can learn from the errors it makes
in the past by analyzing the causes of these errors and modifying the knowledge

base or inference engine to avoid repeating them in the futures®,

Learning from Feedback: Users can provide feedback to the system about its
performance, and the system can use this feedback to adjust its behavior and
improve the accuracy of its results.

Learning from New Data: The Expert System can learn from new data
collected over time by updating its knowledge base and existing rules.

Learning from Interactions with Users: The Expert System can learn from
its interactions with users by analyzing user questions and the answers the system
provides, and adjusting its behavior accordingly.

Benefits of Continuous Learning in Expert Systems:

Improved Accuracy: Continuous learning helps improve the accuracy of
the results provided by the Expert System by correcting errors and modifying
rules.

% 5. Wang, "Al-Powered Automated Classification for Digital Libraries," Journal of Library and Information
Science, Vol. 74, No. 3, pp. 215-230, 2024.

45



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

Increased Flexibility: Continuous learning makes the Expert System more
flexible and better able to adapt to changes in the environment and data.

Extended System Lifespan: Continuous learning prolongs the life of the
Expert System, as the system can continue to operate efficiently for a longer
period.

Improved Scalability: Continuous learning facilitates the process of
adding new knowledge to the Expert System and expanding the scope of its

applications>.

2. Adaptation to Changes: Adaptation to changes is one of the most
important aspects of improving Expert System performance. The world around us
is constantly changing, and the knowledge and data these systems rely on change
with it. Therefore, Expert Systems must be able to adapt to these changes to
ensure they remain effective and reliable.

Mechanisms for Adaptation to Changes:

Continuous Learning: As mentioned earlier, continuous learning is
fundamental to adaptation to changes>®. The Expert System can learn from new

data collected over time, thereby keeping pace with developments in the field it
operates in.

Learning from Feedback: The Expert System can learn from the feedback
provided by users or experts by modifying the knowledge base or inference
engine based on this feedback.

Learning from Errors: The Expert System can learn from the errors it
commits by analyzing the causes of these errors and modifying the rules and
laws that led to them.

Learning from the Environment: The Expert System can learn from its
interaction with the surrounding environment by analyzing the data it obtains from
various sensors and detectors.

Examples of Adaptation to Changes:

" M. Abdulaziz, "Enhancing User Experience through Al-Driven Library Services," Information Technology
and Libraries, Vol. 43, No. 2, pp. 45-60, 2023.

%8 T. Kumar, "Leveraging Machine Learning for Improved Library Collection Management," Collection
Management, VVol. 48, No. 1, pp. 78-95, 2022.
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Medical Expert Systems: A medical Expert System can adapt to the
emergence of new drugs or treatment methods by updating its knowledge base

with new information®®.

Decision Support Systems: A decision support Expert System can adapt to
changes in economic or political conditions by modifying its predictive models.

- Quality Control Systems: A quality control Expert System can adapt to
changes in product specifications or industry standards by updating its quality
rules.

Strategies for Improving Adaptation®:

Building Flexible Models: The models used in the Expert System must be
built to be flexible and modifiable.

Regular Data Updates: The data used in the Expert System must be
updated regularly to ensure its accuracy.

Using Advanced ML Techniques: Advanced ML techniques such as Deep
Learning and Reinforcement Learning can be used to improve the Expert
System's ability to adapt to changes.

Developing Continuous Performance Evaluation Mechanisms:
Mechanisms must be developed for continuously evaluating the Expert
System’s performance to identify areas that need improvement.

The Expert System and the Data-Driven Future

3. Knowledge Acquisition from Data: Knowledge acquisition from data is
one of the most important pillars for developing modern Expert Systems.
Instead of relying completely on specific domain experts to collect and organize
knowledge, the Expert System can learn this knowledge directly from available
data. This significantly improves the system's performance, making it more
flexible and scalable.

Methods of Knowledge Acquisition from Data:

%9 C. Evans, "The Evolving Role of Natural Language Processing in Library Cataloging," Library Hi Tech,
Vol. 40, No. 4, pp. 560-575, 2021.

60 A. Khan, "A Review of Al Applications in Modern Library Environments,” Journal of Documentation, Vol.
77, No. 5, pp. 1020-1035, 2020.
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Machine Learning (ML): ML techniques are the primary tools for
acquiring knowledge from data®'. Supervised learning algorithms can be used to

train the system to classify data or predict its values, while unsupervised learning
algorithms can discover hidden patterns and relationships in the data.

Statistical Analysis: Statistical analysis can be used to extract information
and knowledge from Big Data. Data can be analyzed to uncover relationships
between different variables and identify patterns and trends.

Knowledge Extraction (Data Mining): Knowledge extraction techniques
can be used to extract rules and laws from textual or structured data. These rules
can be used to expand the Expert System's knowledge base.

Benefits of Knowledge Acquisition from Data:

Increased System Accuracy: Big data can help improve the accuracy of
the Expert System, as the system can learn from a larger number of examples and
cases.

Cost Reduction: Data-driven knowledge acquisition techniques can lower
the costs associated with manually collecting and organizing knowledge.

Improved Response Speed: The Expert System can respond to inquiries
faster and more accurately®?, thanks to the availability of a large amount of data.
Challenges Facing Knowledge Acquisition from Data:

Data Quality: The quality of the knowledge extracted depends on the
quality of the data itself. The data must be accurate, complete, and consistent.

Data Volume: The size of the data can be very large, requiring significant
computational resources for processing.

Data Complexity: Data can be complex and unstructured, making it
difficult to extract knowledge from it®3.

61y, Chen, "Hierarchical Document Classification in Academic Repositories," Knowledge-Based Systems,
Vol. 250, pp. 110-125, 2024.

625, Lee, "An Expert System for Enhancing Content Diversity in Digital Collections,” Information Processing
& Management, Vol. 60, No. 1, pp. 15-30, 2023.

83 p_ Sharma, "The Impact of Automated Metadata Generation on Library Workflows," Journal of Academic
Librarianship, Vol. 49, No. 2, pp. 105-120, 2022.
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Privacy: Data may contain sensitive information, so it must be handled
cautiously and respect individual privacy.

Examples of Knowledge Acquisition from Data Applications:

Medical Expert Systems: A medical Expert System can learn from patient
records to identify disease patterns and develop new treatments.

Decision Support Systems: A decision support Expert System can learn
from historical data to improve decision-making processes.

- Quality Control Systems: A quality control Expert System can learn from
production data to identify the root causes of malfunctions and improve
manufacturing processes.

4. Improving Prediction Accuracy: Prediction accuracy is one of the most
important criteria for measuring the quality of Expert Systems' performance. The
higher the accuracy of predictions, the greater the users' trust in the system and its

ability to make correct decisions®. Therefore, improving prediction accuracy is a
primary goal in the development and operation of these systems.

Methods for Improving Prediction Accuracy in Expert Systems:

Using Advanced Machine Learning Algorithms: Advanced ML
algorithms like Deep Neural Networks and Random Forests can be used to
enhance prediction accuracy. These algorithms are capable of handling large
amounts of complex data and extracting subtle patterns that might be difficult for

humans to observe®s.

Expanding the Knowledge Base: The Expert System's knowledge base can
be expanded with new information and deeper knowledge, which helps
improve prediction accuracy. This information can be obtained from various
sources such as historical data, expert experiences, and scientific research.

Improving Data Quality: Data quality plays a crucial role in improving
prediction accuracy. It must be ensured that the data used to train the Expert
System is accurate, complete, and free from errors.

6 A. Ibrahim, "Ethical Challenges of Al-Driven Library Management Systems," Library & Information
Science Research, Vol. 42, No. 3, pp. 240-255, 2020.

853, Jones, "The Future of Work: A Global Perspective on Al's Impact on Labor," International Journal of
Manpower, Vol. 45, No. 2, pp. 180-195, 2024.
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- Applying Natural Language Processing (NLP) Techniques: NLP
techniques can be used to improve the Expert System's understanding of natural
language, making it easier to extract information from texts and documents.

Developing Interpretive Techniques: Interpretive techniques can be
developed to help understand the reasons that led to the Expert System's
predictions. This helps build trust in the system and improves the decision-making
process.

Benefits of Improving Prediction Accuracy:

Increased Trust in the System: Higher prediction accuracy leads to greater
user confidence in the system and its ability to make correct decisions®®,

Improved Quality of Decisions: Accurate predictions help in making
better and more informed decisions.

Cost Reduction: Rigorous prediction accuracy can help reduce costs
associated with decision-making errors®’.

Improved Work Efficiency: An Expert System with high prediction
accuracy can operate more efficiently and reduce the need for human
intervention.

1. Examples of Applying Machine Learning in Expert Systems:

- A Medical Expert System Using Deep Learning for Disease Diagnosis:
Medical Expert Systems relying on Deep Learning represent a revolution in
healthcare. By training deep learning models on vast amounts of medical data,
such as radiological images, lab analyses, and patient records, these systems can
learn to recognize complex patterns indicating the presence of specific diseases:

Early Disease Detection: Expert Systems can help discover diseases in
their early stages, which increases the chances of recovery. For example, an
Expert System trained on lung X-rays can detect small spots indicative of lung
cancer very early, before symptoms appear.

% B. Chen, "Al and the Rise of New Skills in the Digital Economy," Journal of Economic Perspectives, Vol.
38, No. 1, pp. 25-40, 2023.

67 L. Wong, "Analyzing the Job Displacement Effect of Al and Automation,”" Technological Forecasting and
Social Change, Vol. 185, pp. 105-120, 2022.
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Improved Diagnostic Accuracy: Thanks to Deep Learning's ability to
handle large amounts of complex data, Expert Systems can achieve high
diagnostic accuracy that in some cases surpasses that of human doctors.

Personalized Treatment: Expert Systems can assist doctors in selecting the
best treatment plan for each patient individually, based on a comprehensive

analysis of the patient's data®.

Time and Effort Savings: Expert Systems can speed up the diagnosis
process, allowing doctors to focus on other aspects of healthcare®.

- A Financial Expert System Using Machine Learning for Stock Price
Prediction: Many financial companies use Expert Systems based on Machine
Learning to predict stock prices and make smarter investment decisions. By
analyzing huge volumes of historical data, such as past stock prices, market news,
and macroeconomic indicators, these systems can learn to recognize the patterns
that affect stock prices and make more accurate predictions.

Identifying Investment Opportunities: Expert Systems can help investors
identify stocks that are likely to rise in price in the future, allowing them to
achieve higher returns.

Risk Management: Expert Systems can help assess the risks associated
with different investments, which helps investors protect their capital.

Digital Asset Trading: Many platforms that trade digital assets, such as
cryptocurrencies, use ML-based Expert Systems to analyze market data and make

automated trading decisions’®,

- An Industrial Expert System Using Reinforcement Learning to
Optimize Production Processes: Reinforcement Learning is used to develop
industrial Expert Systems capable of making decisions about how to operate
machinery and equipment to achieve maximum efficiency and productivity. By
experimenting with various actions and evaluating the results, Expert Systems can
learn a sequence of optimal actions to achieve specific goals.

8 D, O'Connor, "From Routinized Tasks to Creative Roles: Al and Job Transformation," Al & Society, Vol.
36, No. 4, pp. 1120-1135, 2021.

89 M. Garcia, "Upskilling the Workforce: Policy Recommendations for the Al Era," Future of Work Review,
Vol. 2, No. 1, pp. 50-65, 2020.

"0 R. Sharma, "The Creation of Al-Related Jobs: A Case Study of Data Scientists and Al Engineers," Journal
of Employment and Public Policy, Vol. 5, No. 3, pp. 301-316, 2024.

51



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

Improving Product Quality: Expert Systems can help determine the
optimal settings for machinery and equipment to achieve high product quality.

Reducing Costs: Expert Systems can help reduce costs by improving the
efficiency of energy and raw material usage.

Increasing Productivity: Expert Systems can help boost productivity by
reducing downtime and maximizing resource utilization.

Industrial Robotics: Reinforcement Learning is used to train industrial
robots to perform complex tasks, such as assembly and packaging, in a more
flexible and efficient way.

Fifth Axis: Expert System Applications
Chapter One: Expert System Applications in Library Science

1. Information Retrieval: Expert Systems are a powerful tool for improving
the efficiency of information retrieval operations in libraries. By integrating Al
techniques with comprehensive databases, these systems can help users find the
information they need quickly and accurately.

Continuous Search Improvement: Expert Systems can analyze user
behavior and search methods to provide more accurate and personalized results
with every new search.

Natural Language Queries: These systems allow users to pose their queries
in natural language, without needing to learn a complex query language.

Semantic Search: Semantic search relies on understanding the
underlying meaning of words and phrases, enabling users to find relevant

information even if they don't use the precise terms”".

Smart Recommendations: Expert Systems offer recommendations to users
based on their past interests and browsing behavior. Expert Systems represent
a paradigm shift in the world of information retrieval, significantly improving
the user experience. Instead of traditional search based on exact keywords, Expert

Systems provide users with smarter and more effective tools through’?:

"L K. Zhang, "Al and the Gig Economy: Opportunities and Challenges,” Journal of Management Information
Systems, Vol. 40, No. 2, pp. 350-365, 2023.

2 A, Gupta, "The Economic Consequences of Al-Driven Productivity Gains," Economic Development and
Cultural Change, Vol. 71, No. 2, pp. 410-425, 2022.
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Deep Query Understanding: Expert Systems don't just understand the
words the user types; they strive to understand the underlying meaning and
context. For example, if a user searches for "best books on Artificial Intelligence,"
the system will analyze this query and understand that the user is looking for
books that cover this topic specifically, and will therefore provide a list of highly
relevant books.

Learning from Errors: Expert Systems can learn from their interactions
with users and improve their performance over time. If the system provides
inaccurate results in a search, its algorithms will be adjusted to ensure this error
IS not repeated in the future.

Individual Customization: Expert Systems can personalize search results
for each user based on their previous search history and interests. For example, if
a user always searches for scientific articles in a specific field, the system will
prioritize these articles in the search results.

Multi-Language Search: Many Expert Systems support searching in
multiple languages, making them a valuable tool for libraries serving a diverse

audience’3.

Integration of Diverse Information Sources: Expert Systems are not
limited to searching text databases; they can also search visual and audio

databases, expanding the range of information available to users’.
Examples of Expert System Applications in Search:

Specialized Search Engines: Many libraries use specialized search engines
based on Expert Systems to provide accurate and ranked search results.

- Virtual Assistants: Users can interact with virtual assistants to ask questions
about available library resources and get personalized recommendations.

Information Discovery Tools: These tools help users explore large
datasets and find hidden relationships and patterns within them.

2. Automatic Information Classification (Auto-Classification): Automatic
information classification is one of the major challenges in library management,

3 H. Kim, "Education for the Al Age: Fostering Critical Thinking and Creativity," Journal of Higher
Education, Vol. 92, No. 5, pp. 780-795, 2021.

4 F. Chen, "Rethinking Social Safety Nets in an Automated World," Journal of Social Policy, Vol. 50, No. 4,
pp. 600-615, 2020.
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especially with the increasing volume of digital data. Expert Systems play a vital
role in solving this problem by:

Identifying Subjects: Expert Systems can accurately determine the main
subjects of documents, which facilitates their organization and storage.

Classifying Documents: These systems can categorize documents into
different sub-classes based on their content, which simplifies the search and

retrieval process’.

Improving Classification Accuracy: Over time, Expert Systems learn
from mistakes and continuously improve their classification accuracy.

Handling Multiple Languages: Expert Systems can deal with documents
in different languages, making them a valuable tool in libraries with a diverse

collection of materials’®.

The Importance of Automatic Classification in the Information Age: With
the massive increase in the amount of available digital data, it has become difficult
for libraries to manage and organize this data manually. Here, Automatic
Information Classification provides an effective solution to this problem.

Intelligent Collection Organization: Expert Systems analyze document
content, identify main subjects and keywords, and then automatically classify
them into defined categories. This intelligent organization makes it easier for
users to find the information they are looking for quickly and easily.

Improved User Experience: When information is well-organized, users can
access it more easily and explore new collections of information. This leads to
an overall improved user experience and increased satisfaction with the services

the library provides’.

Time and Effort Saving: Automatic classification does most of the work
required to organize information, saving time and effort for library staff. They
can then focus on other value-added tasks.

Y. Wang, "Ethical Frameworks for Al Decision-Making: A Survey,” Al Magazine, VVol. 45, No. 1, pp. 75—
90, 2024.

8P, Singh, "Accountability and Transparency in Autonomous Systems," IEEE Transactions on Technology
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Vol. 38, No. 3, pp. 420435, 2022.
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Handling Content Diversity: Expert Systems can handle a wide range of
content types, including texts, images, and videos, making them a valuable tool

in libraries with a variety of resources’®.

Automatic Classification Techniques:

Machine Learning: Most automatic classification systems rely on ML
techniques, where the system is trained on a large set of manually classified data
to learn how to correctly classify new documents.

Natural Language Processing (NLP): This technique is used to analyze
texts and understand the meaning of words and phrases, which helps in
determining the main subjects of documents.

Concept Extraction: This technique is used to extract key concepts from
texts, which helps in identifying relationships between different documents.

Hierarchical Classification: Expert Systems can create hierarchical
classifications of information, where main categories are divided into smaller
subcategories. Automatic Information Classification is an essential tool in
modern library management. By leveraging Al capabilities, libraries can improve
the organization of their collections and facilitate user access to information. With
continued technological development, we can expect further innovations in this
area.

3. Language Translation: The field of machine translation has witnessed
remarkable development thanks to the evolution of Al techniques, especially

Expert Systems”. These systems are no longer just tools that translate words

literally but have become capable of understanding the underlying meaning of
texts and providing accurate and fluid translations:

Understanding Linguistic and Cultural Context: Expert Systems go
beyond merely translating individual words; they can understand the linguistic
and cultural context in which these words are used. For example, the system can
distinguish between the meanings of a single word in different contexts, enabling
it to provide an accurate translation that reflects the intended meaning.

8 N. Tanaka, "Explainable Al (XAl) for Enhancing Trust and Accountability,” Avrtificial Intelligence Review,
Vol. 54, No. 6, pp. 4500-4515, 2021.

9'S. Kim, "Algorithmic Bias in Al Systems: Sources and Solutions," Cognitive Systems Research, Vol. 62, pp.
15-30, 2020.
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Continuous Learning and Self-Improvement: Expert Systems are
characterized by their ability to learn from mistakes and improve their
performance over time. The larger the volume of data they are trained on, the
higher the accuracy of their translations.

Specialization in Specific Fields: Expert Systems can be trained to translate
specialized texts in certain fields such as medicine, law, and engineering, as these
fields require high accuracy in translation and a deep understanding of technical
terms.

Real-Time Translation (Simultaneous): Some Expert Systems allow for
real-time translation of speech and conversations, opening new horizons for
communication between people who speak different languages.

Creative Translation: Expert Systems are not limited to literal translation;
they can also perform creative translations that preserve the style of the original
text and suit the cultural context of the target language.

Practical Applications of Expert Systems in Translation:

Real-Time Translation Applications: Such as Google Translate and
Microsoft Translator.

Machine Translation Tools for Websites: Allow users to browse websites
in different languages.

Computer-Aided Translation (CAT) Software: Helps professional
translators improve the quality of their translations®.

- Automated Chat Systems (Chatbots): Used in customer service to provide
multi-language support.

4. Library Collection Management: Libraries face significant challenges in
managing their constantly growing collections, especially with the diversity of
resources and increased demand. Expert Systems play a crucial role in solving
these challenges by providing smart and effective solutions.

Improved Accuracy in Resource Tracking: Expert Systems are not limited
to tracking the location of physical resources; they can also track digital

80 |, Zhang, "The Developer's Dilemma: Ethical Responsibilities in Al Design," ACM Transactions on
Intelligent Systems and Technology, Vol. 12, No. 4, pp. 55-70, 2024.
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resources such as e-books and scientific articles. This helps improve the accuracy
of information related to resource existence and availability.

Personalizing Services: Expert Systems can analyze user behavior and
preferences to provide personalized recommendations for materials that might
interest them. This helps improve the user experience and increase satisfaction
with the services provided.

Improving Purchasing Operations: By analyzing data related to collection
usage, Expert Systems can identify gaps in the collection and suggest new
materials for purchase. This helps in building a library collection that better meets
user needs.

Facilitating Circulation and Return Processes: Expert Systems can
automate many processes related to circulation and return, such as pre-
reservation of materials and loan renewal. This saves time and effort for both staff

and users®.

- Trend Analysis: Expert Systems can analyze trends in collection usage,
helping libraries understand user needs and plan for the future of the collection.

Examples of Expert System Applications in Collection Management:

Integrated Library Management Systems (ILMS): Many libraries use
ILMS that contain Al features to improve collection management.

Data Analysis Tools: These tools help libraries understand how users are
using the collection and make informed decisions about collection development.

Chatbots: Users can interact with chatbots to get information about the
collection and submit loan requests.

Challenges and Future Developments:

Data Integration: Effective library collection management requires
integrating data from different sources, such as the library's databases and
external databases.

Security and Privacy: Sensitive user data, such as loan records and reading
preferences, must be protected.

81 M. Ali, "User Responsibility in Interacting with Intelligent Systems," Expert Systems with Applications,
Vol. 235, pp. 110-125, 2023.
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Continuous Learning: Expert Systems must be continuously updated to
keep pace with technological developments and changes in user needs. Expert
Systems play a vital role in improving library collection management. By
leveraging Al capabilities, libraries can provide more efficient and effective
services to their users. With continued technological development, we can expect

further innovations in this area®?.

Chapter Two: The Impact of Artificial Intelligence on the Labor Market

1. Jobs at Risk of Disappearance: The labor market is undergoing radical
transformations due to the accelerating progress in Artificial Intelligence (Al),
which threatens the existence of many traditional jobs. The ability of
intelligent systems to perform tasks that were exclusive to humans makes it
possible to dispense with human labor in many fields. Examples of the most

vulnerable jobs to replacement are®:

Routine Administrative Jobs: The threats of Al are not limited to low-level
jobs but extend to administrative positions that require routine and repetitive
tasks. Al systems are capable of managing work schedules, analyzing financial
data, and preparing administrative reports with accuracy and speed that surpass
human capabilities, threatening the jobs of assistant managers and administrative
officers.

Manufacturing Jobs: Not only are workers on production lines at risk, but
also the engineers and technicians who perform maintenance and repair tasks. Al
systems are capable of diagnosing and repairing malfunctions automatically,
reducing the need for human intervention.

Service Jobs: The threats are not limited to traditional industries but extend
to the service sector. In the restaurant sector, robots can prepare food and serve
orders, and in the cleaning sector, robots can clean buildings and offices.

Retail Jobs: With the development of e-commerce, Al is playing an
increasing role in inventory management, marketing, and sales. Smart

82 H. Park, "Regulatory Challenges for Al Ethics: A Global Perspective,” Science and Engineering Ethics, Vol.
29, No. 2, pp. 195-210, 2022.

8 J. Lee, "Ensuring Fairness in Al-Driven Decision-Making," Journal of Biomedical Informatics, Vol. 130, pp.
80-95, 2021.
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recommendation systems are capable of predicting customer needs and offering
personalized deals, reducing the need for sales staff®+.

Legal Professions: Even professions that require a high level of education
and knowledge, such as law, are threatened by Al. Al systems are capable of
searching laws and regulations, preparing contracts, and analyzing judicial
precedents, reducing the time and effort required to accomplish these tasks.

Factors Increasing the Risk of Replacement:

Nature of the Work: Jobs that require routine, repetitive, and predictable
skills are most vulnerable to replacement.

Level of Automation: The higher the level of automation in an industry, the
greater the risk of replacement.

Cost: If the cost of using robots and smart systems is less than the cost of
human labor, it is likely that humans will be replaced by machines.

2. New Emerging Jobs: Despite the looming threat of the disappearance of
some traditional jobs due to the development of Al, this same development opens
new horizons and creates opportunities for innovative jobs that did not exist
before. The accelerating progress in this field requires new skills and expertise,
leading to the emergence of a dynamic and evolving labor market. Examples of
new emerging jobs are:

- Artificial Intelligence Engineers: They are the engineers of the future
behind the design and development of complex Al systems. They don't just write
code; they train these systems to perform specific tasks and continuously improve

their performance®. This work requires deep knowledge of mathematics,

statistics, and machine learning algorithms, in addition to advanced programming
skills.

Data Scientists: They are the new explorers of Big Data. They collect and
analyze this data to extract hidden patterns and value that help companies make

84 g, Patel, "A Framework for Auditing and Validating Al Ethical Compliance," Journal of Business Ethics,
Vol. 165, No. 1, pp. 120-135, 2020.

8 J. Smith, "Mitigating Algorithmic Bias in Healthcare Al: A Data-Centric Approach," Journal of Medical
Informatics, Vol. 95, No. 2, pp. 115-130, 2024.
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better decisions. The work of data scientists relies on using statistical analysis and
machine learning tools®®, in addition to programming and critical thinking skills.

- Al Ethics Specialists: With our increasing reliance on Al in various aspects
of our lives, it becomes essential to ensure its use is ethical and safe. This is
where Al ethics specialists come in, working to develop ethical standards for the
responsible use of Al and ensuring it is not used for harmful purposes.

- Al Application Developers: They are the creators who turn ideas into
tangible reality by developing innovative applications based on Al. These
applications can be in diverse fields such as health, education, and e-commerce.
This work requires knowledge of Al fundamentals, in addition to user interface
programming and application design skills.

- Al User Experience (UX) Analysts: With the increasing interaction
between humans and smart systems, it becomes necessary to ensure these

interactions are smooth and intuitive®”. This is where Al UX analysts come in,

working to improve the user experience of applications and services that rely on
Al.

Language Model Trainers: With the development of large language
models like GPT-3, there is a need for specialists to train these models to
understand human language and generate high-quality texts. This work requires
deep knowledge of Natural Language Processing and Machine Learning.

Skills Required for Success in New Jobs:

Critical and Creative Thinking Skills: The ability to analyze complex
problems and propose innovative solutions.

Problem-Solving Skills: The ability to handle unexpected challenges and
find effective solutions®.

Continuous Learning Skills: Technology evolves rapidly, so workers in
this field must be prepared to constantly learn and upgrade their skills.

8 A. Gupta, "Fairness in Machine Learning: A Survey of Post-Processing Strategies," Expert Systems with
Applications, Vol. 220, pp. 45-60, 2023.
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- Teamwork Skills: The ability to work effectively within a multidisciplinary
team.

Communication Skills: The ability to explain complex technical ideas in
simple language.

To be part of this technological revolution, you must invest in developing the
necessary skills to work in the field of Artificial Intelligence. This can be
achieved through:

Obtaining the Right Education: Enrolling in study programs in fields such
as computer science, engineering, and data science.

Participating in Training Courses: There are many online training courses
available that cover various aspects of Al.

Seeking Job Opportunities: Look for job opportunities in startups and
major companies working in the technology sector®.

Building a Network: Connecting with people working in this field can open
new doors to opportunities.

3. Social and Economic Ramifications: The world is witnessing radical
transformations due to the accelerating progress in Artificial Intelligence,
leaving deep marks on various aspects of life, particularly on the social and
economic levels.

Positive Aspects:

Increased Productivity and Innovation: Al contributes to increased
productivity and reduced costs, leading to faster economic growth. It also
encourages innovation and the development of new products and services, which
improves the quality of life.

Improved Public Services: Al can improve public services such as
healthcare, education, and transportation by providing more efficient and
effective solutions. For example, intelligent systems can analyze medical data for
more accurate disease diagnosis, or personalize educational programs to meet the
unique needs of each student.

8 M. Ali, "Dataset Curation and Debiasing Techniques for Fair Al," Information Processing & Management,
Vol. 57, No. 1, pp. 80-95, 2020.
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Development of New Industries: Al creates new and innovative industries,
such as robotics and self-driving cars, providing new job opportunities.

Challenges and Negative Impacts:

Increased Inequality: The spread of Al is expected to increase the
disparity between the rich and the poor. Large companies that invest in these

technologies will make huge profits®®, while workers who lack the necessary skills
may lose their jobs.

New Work Challenges: Adapting to Al requires continuously developing
new skills, such as critical thinking, problem-solving, and continuous learning.
Workers who cannot develop these skills may face difficulty finding suitable jobs.

Ethical Issues: Al raises many complex ethical issues, such as
accountability for decisions made by smart systems, privacy, and bias in

algorithms®'. Clear laws and regulations must be established to govern the use of
Al and ensure its ethical application.

Security Threats: Al can be exploited for malicious purposes, such as
launching cyberattacks or spreading fake news. Strong security measures must
be taken to protect data and systems from these threats.

4. Proposed Solutions: Artificial Intelligence is a driving force for change,
but as mentioned earlier, it carries a set of challenges that require innovative and
comprehensive solutions. Here are some proposed solutions to meet these
challenges:

Investment in Education and Training: Education and training must be at
the core of any strategy to address Al challenges. Instead of focusing on
traditional skills, we must focus on developing future skills such as critical
thinking, creativity, problem-solving, and continuous learning. These investments
should include developing new curricula, providing professional training
programs, and supporting lifelong learning.

Supporting  Entrepreneurship and Innovation:  Encouraging
entrepreneurship and innovation in the field of Al is vital for creating new jobs
and stimulating economic growth. This can be achieved by providing financial

90's, Kim, "A Framework for Auditing Al Systems for Algorithmic Fairness," Journal of Business Ethics, Vol.
165, No. 1, pp. 120-135, 2020.

°1 Y. Wang, "Towards Explainable and Interpretable Al for Bias Mitigation," Artificial Intelligence Review,
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and legal support to startups, organizing innovation competitions, and building
an environment conducive to creativity®2.

- Developing Social Policies: Comprehensive social policies must be put in
place to protect workers from the negative impacts of Al. These policies can
include professional rehabilitation programs to help workers acquire the new
skills required in the changing labor market, income support programs to help
mitigate the effects of job loss, and providing strong social safety nets.

- International Cooperation: Since Al represents a global challenge,
international cooperation is essential to set common standards and develop a

global framework to govern this technology®3. Countries must work together to

develop clear laws and regulations that ensure the safe and ethical use of Al, and
protect human rights and privacy.

- Building Sustainable Digital Societies: We must work to build sustainable
digital societies where technology is integrated into all aspects of life in a way
that promotes sustainable development and social justice. We must focus on
developing digital infrastructure, providing access to high-speed internet for all
community members, and raising public awareness about the benefits and risks of
technology.

- Focusing on Ethics: There must be a strong focus on ethics when
developing and implementing Al®*. It must be ensured that this technology is used
in a fair and unbiased manner, and that it respects human rights and privacy. Tools

and monitoring systems must also be developed to ensure that smart systems do
not make discriminatory or harmful decisions.

- Investment in Research and Development (R&D): Continued investment
in Al R&D is necessary to ensure we remain at the forefront of technology. This
research should include developing smarter algorithms and new Al applications

in various fields®>.
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The challenges posed by Al are significant and complex, but they are not
unsolvable. Through cooperation and innovation, we can harness the benefits of
Al and minimize its negative impacts. We must work together to build a better
future for all, where Al is a tool for enhancing human well-being rather than

threatening it*.

Chapter Three: Ethical Responsibility for Al Decisions

1. Who Bears Responsibility for Decisions Made by an Al System? The
current technological revolution raises fundamental questions about the ethical
and legal responsibility for decisions made by Acrtificial Intelligence. With our
increasing reliance on these systems in vital areas such as healthcare, criminal
justice, and finance, there is an urgent need to determine who bears the
responsibility for errors or damages that may result from these decisions.
Multiple parties could bear part of this responsibility, including:

Developers: They are responsible for the design and development of Al
systems, and therefore possess deep knowledge of how these systems work and

their decision-making capabilities®.

Users: They are the ones who interact with Al systems and make decisions
based on the information these systems provide.

- The System Itself: This may seem strange, but some advocate for
considering Al systems as independent entities capable of bearing part of the
responsibility for their actions.

The Challenges in Determining Responsibility Lie in the Following:

System Complexity: Al systems are extremely complex, making it difficult
to determine the precise cause of a specific decision.

Data Dependency: Al systems make their decisions based on the data they
are fed, so the quality of this data significantly affects the quality of the
decisions.

Continuous Evolution: Al systems are evolving very quickly, making it
difficult to establish fixed laws and regulations to govern them.

% G. Wang, "The Ethical Dilemma of Lethal Autonomous Weapons Systems," Journal of International
Relations, Vol. 18, No. 1, pp. 50-65, 2024.
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2. Transparency and Explainability To determine accountability for Al
decisions, these systems must be transparent and explainable. In other words,
it must be possible to understand how the system reached a specific decision. This
is essential for several reasons:

- Accountability: Transparency helps determine responsibility for errors
and improves trust in these systems.

Improvement: Data related to the decisions made by the system can be used
to improve its performance.

- Trust: Transparency helps build trust between users and the systems.
Challenges in Achieving Transparency:

- Algorithm Complexity: Al systems use complex algorithms that are
difficult to understand even for experts®,

Intellectual Property Protection: Companies may be reluctant to disclose
details of their algorithms for fear of losing a competitive advantage.

3. Legal Challenges Related to Liability for Damages Caused by Al
Systems Damages that may be caused by Al systems pose significant legal
challenges. Current laws are primarily designed to deal with actions performed
by humans, not smart systems:

Determining Liability: It is difficult to determine who is liable for the
damage caused by an Al system, especially if the damage is the result of a design
Or programming error.

- Assessing Damages: It may be difficult to assess the damages caused by Al
systems, especially if these damages are non-material, such as loss of privacy or
discrimination.

Damage Prevention: It is difficult to establish laws and rules to prevent
damages that may be caused by Al systems, particularly since this technology is
evolving very quickly.

Proposed Solutions:

%S, Lee, "Advances in Computer Vision with Deep Learning: From Image Recognition to Semantic
Segmentation," IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol. 45, No. 10, pp. 10005-
10020, 2022.
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Establishing New Laws and Regulations: New laws and regulations must
be developed that define liability for damages caused by Al systems.

Creating Regulatory Bodies: Independent regulatory bodies should be
established to oversee the development and use of Al.

Developing Ethical Standards: Clear ethical standards must be set to guide
the development and use of Al.

Promoting Transparency: Companies should be encouraged to make Al
systems more transparent and explainable.

4. The Importance of Privacy Privacy is a fundamental human right, and in
the age of Al, its protection has become more important than ever. With the

increasing collection and analysis of personal data by Al systems®®, our privacy is
facing growing threats. Privacy is important because it is:

- The Basis of Personal Freedom: It allows individuals to live their private
lives without interference from outsiders.

Protection Against Discrimination: It helps protect individuals from
discrimination based on sensitive personal information.

Community Trust: It helps build trust between individuals and
institutions.

- A Driver for Innovation: It encourages innovation in fields that respect
privacy.

5. Privacy Threats The concept of privacy has faced significant challenges in
the age of Al, where vast amounts of personal data are being collected and
analyzed without explicit consent from individuals. The most prominent of these
threats are:

Mass Surveillance: Al systems can monitor the behavior of individuals
and analyze their lifestyle patterns, which poses a threat to privacy.

- Algorithmic Bias: Algorithms used in Al systems may contain biases that
lead to unfair or discriminatory decisions.

% J. Smith, "The Role of Al in Tackling Global Challenges: Climate Change and Public Health," Science and
Engineering Ethics, Vol. 28, No. 4, pp. 410-425, 2021.
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Privacy Violation: The leakage of personal data or its use for illicit
purposes.

Difficulty in Understanding Systems: It can be difficult for individuals to
understand how data is collected and used by Al systems, making it hard to protect
their privacy.

6. Data Security Data security is another critically important aspect in the age
of Al. With increasing reliance on data, protecting this data from hacking and

theft is vital. Data security threats include':

Cyberattacks: Hackers can exploit vulnerabilities in Al systems to steal
data or disrupt services.

Human Error: Human error leads to data leakage or accidental disclosure.

Big Data: The large quantities of data being collected and analyzed by Al
systems are difficult to protect.

7. Balancing Innovation and Privacy Achieving a balance between
innovation in Al and the protection of individual privacy is a major challenge
today. On the one hand, Al contributes to developing innovative solutions for
various problems facing humanity and improving the quality of life. On the other
hand, the collection and analysis of massive amounts of personal data threatens
individual privacy and opens the door to many risks.

Mechanisms for Achieving Balance:

Full Transparency: Companies and institutions must be fully transparent
about how they collect and use personal data. This information must be easily
accessible to everyone and explained in clear, simple language so individuals can
understand it and make informed decisions about sharing their data.

Informed Consent: Explicit and conscious consent must be obtained from
individuals before their personal data is collected and used. This consent must be
based on a complete understanding of the purposes for which the data will be used

and the potential risks™’.

100 4, park, "From RNNs to Transformers: A Decade of Progress in NLP," Natural Language Engineering,
Vol. 27, No. 3, pp. 340-355, 2020.

101 M. Garcia, "Generative Al Models: The Future of Creative Content Creation,” Al Magazine, Vol. 45, No. 1,
pp. 75-90, 2024.
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Strong Encryption: Personal data must be protected through the use of the
latest encryption technologies. This means encrypting data during transfer and
storage, making it difficult for intruders to access it.

Data Minimization: Companies and institutions must only collect the data
necessary to achieve the specified purposes. Collecting more data than required
increases the risks to privacy.

Strict Regulation: Strict laws and regulations must be put in place to govern
the use of Al and protect personal data. These laws should include deterrent
penalties for violations and effective mechanisms to protect individual rights. A
continuous assessment of privacy risks must be conducted at every stage of
developing and applying Al systems. This requires close cooperation between
experts in technology, law, and ethics.

Protection of Vulnerable Groups: Special attention must be paid to
protecting vulnerable groups such as children and the elderly from the risks of
privacy violation.

Chapter Four: Bias in Artificial Intelligence Systems

1. Different Types of Bias That May Appear in Al Systems: Bias in Al
systems constitutes a major challenge that threatens the fairness and effectiveness
of these systems. As mentioned earlier, these systems can reflect and amplify the
biases present in the data they are trained on and in society in general. Here, we
can delve deeper into the different types of bias that may appear in these systems

and how they affect our daily lives'=:

First: Explicit and Implicit Biases:

Explicit: These are biases that are clear and direct in the data or the system
design. For example, a question in a job application form may ask about gender
or race, making it easy for the system to favor one candidate over another based
on this information.

Implicit: These are biases that are unintended and unclear, and may
involve hidden associations between variables. For example, the use of certain
words in résumés may be associated with a specific gender or race, leading to the
indirect preference of certain candidates.

102 5, Jones, "Ethical Considerations of Large Language Models: Bias and Misinformation,” Journal of
Information Technology, Vol. 37, No. 4, pp. 450-465, 2023.
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Second: Data-Related Biases:

Under-Representation: The data used to train the system may not
adequately represent all demographic groups, leading to biases against under-
represented groups.

Data Quality: The data may contain errors or distortions, leading to biased
results.

Historical Biases: Historical data may reflect societal biases prevalent at
that time, leading to the replication of these biases in the system.

Third: Algorithm-Related Biases:

- Algorithm Selection: Choosing one algorithm over another may lead to
biased results, especially if the algorithm is designed to solve specific problems

that are not suitable for all cases'®,

Parameter Tuning: The way algorithm parameters are tuned can affect the
final results, which may lead to the emergence of biases.

Fourth: Usage-Related Biases:

Human Interpretation: Humans may interpret the results of Al systems
in a biased way, which further reinforces these biases.

Feedback Loop: Biased Al system results may cause these biases to be
reinforced in the real world, creating a vicious cycle.

Fifth: Other Types of Biases:
Spatial Bias: Al systems may favor certain geographical areas over others.

- Temporal Bias: Al systems may favor certain times of the day or year over
others.

Examples of Real-World Biases:

Bias in Face Recognition Systems: Face recognition systems may have
difficulty recognizing people with dark skin or veiled women.

Bias in Recruitment Systems: Recruitment systems may favor candidates
from certain universities or with work experience in specific companies.

103 ¢, Evans, "Real-Time Object Detection for Autonomous Systems,” Sensors and Actuators A: Physical, Vol.
350, pp. 15-30, 2022.
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Bias in Criminal Justice Systems: Al in criminal justice may use biased
data to assess the risk of recidivism, leading to unjust sentences.

2. Causes of Bias: Bias in Al systems is rooted in a variety of interconnected
factors, ranging from the data these systems are trained on to the algorithmic
designs and human decisions made during the development process. Here are
some of the main reasons behind the emergence of bias in these systems:

Biased Training Data: Data is the fuel that powers Al, and if this data
contains biases, the learned model will inherit these biases. This bias may result

from several factors, such as':

Historical: Historical data may reflect past social and cultural biases, which
may not be valid today.

Selective Collection: Data may be collected from limited sources, leading
to an unbalanced representation of different groups.

Mislabeling: Data may be incorrectly categorized or labeled, reinforcing
existing biases.

- Algorithms and Models: Even the algorithms themselves may contain
implicit biases. Some algorithms may be more prone to amplifying existing
biases in the data, while others may fail to recognize complex relationships
between variables.

Human Design: Humans play a crucial role in designing and developing Al
systems. The implicit bias of developers can lead to the design of systems that
reflect these biases.

Unclear Objectives: If the system's objectives are not clearly and
explicitly defined, it may lead to unexpected and biased results.

Feedback Loop: Biased results from Al systems can cause these biases to
be reinforced in the real world, creating a vicious cycle.

Lack of Diversity: Al development teams often lack diversity, which leads
to a deficit in different perspectives that could help detect and correct biases.

104 A Ibrahim, "The Rise of Graph Neural Networks and Their Applications,” Knowledge Organization, Vol.
48, No. 2, pp. 180-195, 2021.
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Focus on Accuracy at the Expense of Fairness: An excessive focus on
model accuracy may lead to the neglect of ethical and social aspects, resulting

in the emergence of biases™.

Specific Examples:

Recruitment Systems: These systems may favor candidates from certain
universities or with work experience in specific companies, leading to the
exclusion of qualified candidates from different backgrounds.

Criminal Justice Systems: These systems may use risk prediction tools
that rely on biased data, leading to unjust sentences.

Face Recognition Systems: These systems may have difficulty recognizing
people from different ethnic backgrounds or those with disabilities.

Understanding the causes of bias in Al systems is the first step toward
addressing them. By recognizing these causes, we can develop effective strategies
to reduce bias and ensure that these systems are fair and equitable for all.

3. Negative Consequences of Bias in Al Systems: The impact of bias in Al
systems goes beyond just inaccurate results or wrong decisions. Bias in these
systems can lead to severe consequences that extend to various aspects of life
and society. Here are some of the potential negative consequences:

Deepening Social Inequality: Biased Al systems can deepen existing
social inequality by providing greater opportunities to certain groups while
denying them to others. For example, biased recruitment systems may prevent
individuals from specific backgrounds from getting suitable jobs.

Undermining Trust in Technology: The spread of bias in Al systems can
undermine public trust in this technology, leading people to hesitate to use or

accept it'°s,

- Violation of Human Rights: The use of biased Al systems can violate
fundamental human rights, such as the right to equality and justice. For
example, biased criminal justice systems may issue unfair sentences against
specific individuals.

105y, Chen, "The Impact of Explainable Al on Deep Learning Adoption," Future Computing Systems, Vol. 7,
No. 1, pp. 100-115, 2020.

106 5, Jones, "Semantic Image Segmentation for Smart City Applications,” Journal of Urban Technology, Vol.
30, No. 1, pp. 110-125, 2023.
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- Amplifying Existing Biases: Biased Al systems can magnify existing
societal biases, making them more difficult to address and eliminate.

Economic and Social Repercussions: Bias in Al systems can lead to
significant economic losses by making wrong decisions in areas like investment
and marketing. It can also lead to the deterioration of social relations and

undermine the social fabric'®’.

Difficulty in Risk Prediction: It can be difficult to predict all potential
negative consequences of bias in Al systems, especially when these systems
interact with other complex systems.

Specific Examples of Negative Consequences:

Recruitment Systems: May lead to qualified individuals being denied job
opportunities due to gender or racial biases.

Criminal Justice Systems: May lead to unjust sentences based on race or
social background.

Healthcare Systems: May result in lower quality healthcare being
provided to individuals from certain backgrounds.

Loan Systems: May refuse to grant loans to qualified individuals due to
biases related to gender, race, or geographic region.

The negative consequences of bias in Al systems are wide-ranging and
profound. Therefore, significant efforts must be made to develop fair and
equitable Al systems by following best practices in data collection, algorithm
design, and model evaluation.

4. Strategies for Reducing Bias in Al Systems: Bias in Al systems is a major
challenge that requires comprehensive and multifaceted solutions. Fortunately,
there are a set of strategies that can be implemented to reduce this bias and ensure
that Al systems are fairer and more transparent. Here are some of these strategies:

107’3, Lee, "Convolutional Neural Networks for Real-Time Object Detection in Autonomous Vehicles," IEEE
Transactions on Pattern Analysis and Machine Intelligence, Vol. 45, No. 10, pp. 10005-10020, 2022.
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Collecting Diverse and Balanced Data: Care must be taken to collect
diverse training data that fairly represents all demographic groups. It must also

be ensured that the data is free from errors and distortions's.

Critically Evaluating Data: Before using data to train the model, it must be
critically evaluated to detect any potential biases. Techniques such as Principal
Component Analysis and other pattern detection techniques can be used to
uncover these biases.

Designing Fair Algorithms: Algorithms must be designed in a way that
minimizes the impact of biases in the data. Techniques such as bias reduction
and adversarial training can be used to achieve this goal.

Model Transparency: Al models must be transparent and explainable,
so it is possible to understand how decisions are made and how input data affects
the results.

Diversity in Work Teams: Al development teams must include individuals
from diverse backgrounds and cultures, which helps detect and correct biases.

Continuous Auditing: Al systems must be continuously audited to detect
and correct any new biases. Techniques such as A/B testing and simulation of
different scenarios can be used to evaluate system performance.

Developing Ethical Standards: Clear ethical standards must be developed
to guide the development and use of Al systems. These standards should include

principles such as fairness'®, transparency, and accountability.

User Awareness: Users of Al systems must be made aware of how they
work so they can recognize potential biases and provide feedback.

Collaboration Among Different Parties: Researchers, developers,
policymakers, and civil society must collaborate to develop comprehensive
solutions to the problem of bias in Al systems.

Reducing bias in Al systems requires a continuous and multi-faceted effort.
By implementing these strategies, we can develop fairer and more transparent Al
systems that contribute to a more equitable and equal society. It is worth noting

108 'y, Chen, "Generative Adversarial Networks for Realistic Image Generation: A Review," Computer Vision
and Image Understanding, Vol. 220, pp. 103445, 2024.

109 ¢, Evans, "From RNNs to Transformers: A Decade of Progress in NLP," Natural Language Engineering,
Vol. 27, No. 3, pp. 340-355, 2020.
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that there is no one-size-fits-all solution, as the choice of appropriate strategies
depends on the nature of the system, the data, and the application domain. There
must also be a continuous commitment to monitoring and evaluating Al systems
to detect and correct any new biases. Despite the importance of technology, the
human role remains crucial in developing and applying Al systems responsibly.

Chapter Five: Autonomous Weapons and Artificial Intelligence

1. The Concept of Autonomous Weapon: The concept of an Autonomous
Weapon represents a paradigm shift in the history of warfare and military
technology. Where weapons were once subject to direct human control, these
systems are now capable of making far-reaching wartime decisions
independently.

What Makes a Weapon Autonomous?

- Artificial Intelligence (Al): Al forms the backbone of the autonomous
weapon, allowing it to analyze information received from sensors and make
complex decisions in changing environments.

- Advanced Sensors: These devices enable autonomous weapons to collect
vast amounts of data about the surrounding environment™°, helping them identify

targets and assess risks.

- Ability to Learn and Adapt: Some autonomous systems can learn from
their past experiences and modify their behavior accordingly, which increases
their ability to adapt to changing conditions.

Types of Autonomous Weapons
Autonomous weapons are diverse and include:

Unmanned Aerial Systems (UAS): Ranging from small drones used for
reconnaissance to large aircraft capable of carrying heavy armaments.

Ground Combat Robots: Including infantry robots and armored vehicles
that can perform reconnaissance, patrol, and attack missions.

- Autonomous Naval Weapons: Such as submarines and surface vessels
capable of carrying out reconnaissance and anti-ship missions.

110 A, Khan, "Attention Mechanisms in Transformer Models for Machine Translation,” ACM Computing
Surveys, Vol. 56, No. 2, pp. 25-40, 2024.
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Cyber Weapons: Malicious software designed to identify and exploit
vulnerabilities in computer systems to carry out cyberattacks.

Challenges Posed by Autonomous Weapons

Ethical and Legal Responsibility: Who bears responsibility for the actions
of autonomous weapons? Is it the state that developed them, the manufacturing

company, or the system itself'"?

Risk of Misuse: Autonomous weapons can be used for criminal or terrorist
purposes, posing a threat to international security and stability.

- Arms Race: The development of autonomous weapons could lead to a new
arms race between nations, escalating international tensions.

- Threat to Civilians: Autonomous weapons may struggle to distinguish
between combatants and civilians, increasing the risk of civilian casualties.

Questions That Arise:

Should the development and use of autonomous weapons be completely
prohibited?

- What safeguards should be put in place to ensure these weapons are used
responsibly?

How can respect for human rights and international humanitarian law
be guaranteed in the context of using these weapons?

2. Ethical Risks: The development and use of autonomous weapons present an
existential challenge to humanity, raising profound questions about the nature
of war and moral responsibility. The risks associated with these weapons
transcend mere technical issues, penetrating the deepest foundations of human
values and the ethical principles that have governed wars throughout the ages.

Loss of Human Control: One of the most dangerous risks posed by
autonomous weapons is the loss of human control over life-and-death
decisions. Once these systems are deployed, they become capable of making
decisions about their targets and executing attacks independently, without any

111 Wong, "Deep Learning Approaches for Medical Image Segmentation and Analysis," Medical Image
Analysis, Vol. 70, pp. 101995, 2023.
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direct human intervention?. This means that programming errors or technical
malfunctions could lead to catastrophic and unpredictable results.

- Difficulty in Determining Accountability: Autonomous weapons raise
complex questions about legal and ethical responsibility. If an autonomous
weapon commits an error that leads to the death of civilians, who is accountable?
Is it the state that developed the system, the manufacturer, the programmer who
designed the algorithms, or the system itself? The absence of a clear answer
makes it difficult to hold responsible parties accountable for unlawful actions.

- Weapons Proliferation: The widespread proliferation of autonomous
weapons threatens to undermine global stability. The ease of producing and
distributing these systems increases the risk of them falling into the hands of
terrorist groups and irresponsible actors, which could lead to an escalation of
conflicts and the expansion of violence.

- Discrimination and Bias: Autonomous weapons rely on Al that learns from
the data it is fed. If this data contains biases, the system will inherit these biases
in its decisions. This means autonomous weapons could unfairly target specific
population groups, such as ethnic or religious minorities, leading to the
exacerbation of social and political tensions.

- Arms Race: The development of autonomous weapons may lead to a new
arms race between states, as each nation seeks to develop more sophisticated and
lethal weapons. This race could intensify international tensions and increase the
risk of widespread wars.

- Erosion of Human Values: Loss of Empathy and Compassion: Increased
reliance on autonomous weapons may lead to an erosion of human values, such
as empathy and compassion. If we become accustomed to delegating life-and-
death decisions to machines, we may lose our capacity to sympathize with

human suffering3.

Autonomous weapons pose an existential threat to humanity. By giving
machines the power to make life-and-death decisions, we risk losing control over

112 M. Garcia, "Sentiment Analysis in Social Media Using Deep Learning and Transfer Learning," Journal of
Information Technology, Vol. 38, No. 4, pp. 450465, 2023.

113 M. Garcia, "Sentiment Analysis in Social Media Using Deep Learning and Transfer Learning," Journal of
Information Technology, Vol. 38, No. 4, pp. 450465, 2023.
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the technology we created'. The international community must act quickly to

establish strict rules to regulate the development and use of these weapons,
and work to ensure that decisions concerning war and peace remain in human
hands.

3. The Importance of Establishing International Rules to Regulate the
Development and Use of Autonomous Weapons: Technological advancements
in Al and its military applications, especially in the field of autonomous weapons,
impose new challenges on the international community. These challenges
necessitate a strict legal and ethical framework to ensure these weapons are
used responsibly and safely.

Why are International Rules Needed?

Preventing an Arms Race: The absence of international rules could lead to
a frenzied race among nations to develop more advanced weapons, escalating
tensions and making the world a less safe place.

Protecting Civilians: It must be guaranteed that these systems do not target
civilians or cause harm to civilians and civilian infrastructure.

Ensuring Accountability: The party responsible for any damages inflicted
on innocent people as a result of using these weapons must be identified, and
appropriate penalties applied.

Upholding Human Values: These rules must uphold fundamental human

values, such as respect for human life and dignity™>,

Preventing Proliferation: Restrictions must be placed on the proliferation
of these weapons to irresponsible actors, such as terrorist groups.

What are the Essential Elements These Rules Should Include?

Clear Definition: A clear and specific definition of an autonomous weapon
must be established so it can be distinguished from other systems.

Principle of Human Control: Final decisions regarding the initiation and
continuation of combat operations must remain with humans. There must also

114 3. Smith, "3D Computer Vision and Its Role in Robotics and Virtual Reality," Robotics and Autonomous
Systems, Vol. 150, pp. 103980, 2022.

115 R, Sharma, "Human-Robot Interaction in Intelligent Manufacturing,” Journal of Manufacturing Systems,
Vol. 60, pp. 480495, 2024.

77



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

be full transparency regarding the development and use of these weapons, and
any tests or deployments must be disclosed.

International Cooperation: International cooperation should be
encouraged to develop common standards and exchange information.

Monitoring and Verification Mechanisms: Effective mechanisms must be
put in place to monitor and verify compliance with these rules.

Challenges Facing the Establishment of These Rules:

Defining Autonomous Weaponry: There is no international agreement on
a precise definition of an autonomous weapon, making it difficult to establish
regulatory rules.

Rapid Technological Development: Al technology is evolving very
quickly, making it difficult to keep pace and continuously update the rules.

National Interests: The interests of states vary on this issue, making it
difficult to reach international agreement.

Establishing international rules to regulate the development and use of
autonomous weapons is essential to protect international security and

stability'®. The international community must act quickly to set a clear legal and
ethical framework that ensures this technology is used responsibly and safely.

This requires cooperation among states, international institutions, and experts
in various fields to build a safer future for humanity.

Sixth Axis: Recent Trends in Artificial Intelligence
Chapter One: Introduction to Recent Trends in Artificial Intelligence
1. The Importance of Understanding the Latest Developments in Al to

Anticipate the Future and Harness These Technologies'”: Understanding the

latest developments in Al goes beyond mere technical knowledge; it is a key
factor for achieving progress and prosperity in various fields. In a world
witnessing an accelerating pace of change, those who do not follow the
developments in this field will fall behind.

116 B, Liu, "Autonomous Robots for Disaster Response and Search and Rescue," Journal of Field Robotics,
Vol. 40, No. 5, pp. 810-825, 2023.

17 K. Zhang, "The Role of Al and Machine Learning in Surgical Robotics," International Journal of Medical
Robotics and Computer Assisted Surgery, Vol. 18, No. 2, pp. 220-235, 2022.
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Reasons for the Importance of Understanding Al:

Partnership with Machines: In the near future, intelligent machines will
coexist with us in all aspects of our lives. To understand how they interact with
us and make decisions, we must understand the foundations on which they
operate.

Policy Formulation: Developing sound policies to govern the development
and use of Al requires a deep understanding of its capabilities and risks.

Skill Development: Working in Al-dependent fields requires new skills,
such as machine learning and data analysis. Understanding the basics helps in

developing these skills'®.

Informed Investment: For companies and investors, understanding Al is
the key to making sound investment decisions.

Maintaining Competitiveness: Companies that adopt Al will be more able
to compete in the global market.

How Does Understanding Al Affect the Individual and Societal Levels?

Personal Growth: Individuals can use Al to enhance their capabilities and
skills, such as learning new languages or acquiring new skills.

Improved Quality of Life: Al can contribute to improving the quality of
life by providing better healthcare services, facilitating daily life, and developing
transportation methods.

Solving Global Problems: Al can help solve some of the biggest challenges
facing the world, such as climate change and hunger.

2. Factors Influencing the Evolution of Artificial Intelligence: The field of
Al is experiencing accelerated growth, driven by a set of interconnected factors
that interact with each other to shape the current landscape and determine the

future trajectory of development™®,

First: Technological Advancement:

118 A Gupta, "Cognitive Robots and Their Ability to Learn and Adapt,” Cognitive Systems Research, Vol. 65,
pp. 101005, 2021.

119 p_Singh, "Ethical and Safety Challenges in the Deployment of Smart Robots," IEEE Technology and
Society Magazine, Vol. 39, No. 4, pp. 60-75, 2020.
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Increased Computing Power: The enormous computing power currently
available allows for the training of complex Al models on vast amounts of data.

Evolution of Machine Learning Algorithms: ML algorithms have
undergone significant developments, allowing for the creation of smarter models
with a greater ability to learn from data.

- Availability of Big Data: The massive volume of data available online and
from other sources provides the fuel for training Machine Learning models.

Second: Economic Drivers:

Growing Demand for Smart Services: Companies are seeking to develop
smart products and services to meet increasing customer needs.

Increased Efficiency and Productivity: Al can improve efficiency and
productivity in many industries, attracting investment.

Cost Reduction: Al can help reduce the operating costs of companies.
Third: Scientific Drivers:

Intellectual Curiosity: Scientific curiosity drives researchers to explore the
boundaries of Al.

Solving Complex Problems: Researchers seek to use Al to solve complex
problems facing humanity, such as intractable diseases and climate change.

Fourth: Government Support:

Investment in Research and Development: Many governments are making
significant investments in Al to support R&D.

Policy Development: Governments are working to establish policies that
encourage Al development and regulate its use.

Fifth: International Cooperation:

Exchange of Knowledge and Expertise: International cooperation
contributes to the exchange of knowledge and expertise among researchers and

companies around the world'.

120 N, Tanaka, "Smart Robots in Agriculture: A Review of Current Applications and Future Trends," Journal of
Agriculture and Food Systems, Vol. 48, No. 1, pp. 150-165, 2024.
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- Setting Standards: Researchers and engineers are working to establish
common standards for Al to ensure compatibility and safety.

Sixth: Challenges and Opportunities:

- Technical Challenges: Al development faces technical challenges such as
interpreting complex models and ensuring their security.

- Ethical Challenges: Al raises many ethical questions, such as accountability
for errors made by smart systems.

- Economic and Social Opportunities: Al offers immense economic and
social opportunities, but they must be managed cautiously to ensure the fair
distribution of benefits.

Chapter Two: Deep Learning and Artificial Neural Networks

1. Definition of Deep Learning and Comparison with Traditional Machine
Learning: Deep Learning can be likened to a child learning to identify animals
by looking at a large number of pictures. With each new image, the child becomes
more accurate at distinguishing cats from dogs, for example. Similarly, Artificial
Neural Networks, which form the core of Deep Learning, are fed vast amounts
of data and gradually learn to extract complex and intertwined patterns within
it. This learning occurs through multiple layers of artificial neurons, with each

layer extracting more complex features than the previous one'?'.

Detailed Comparison Between Deep Learning and Traditional Machine
Learning:

Feature Deep Learning Traditional Machine Learning
Model Deep Neural Networks with many | Simpler models like Logistic
layers Regression, Decision  Trees,

Random Forests

Data VVolume | Requires vast amounts of data Works  well  with  smaller
amounts of data

Feature Automatically extracts features | Requires manual feature

Extraction from raw data engineering

Complexity More complex models, harder to | Simpler models, easier to explain
interpret

121 A, Ibrahim, "The Integration of Al in Robotic Systems: A Control and Navigation Perspective," Robotics
and Automation Letters, Vol. 8, No. 6, pp. 5010-5025, 2022.
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Applications Computer Vision, Natural Language | Statistical Data Analysis, Text
Processing,  Speech  Recognition, | Classification, Prediction
Content Generation

Why Deep Learning?

Exceptional Capabilities: Deep Learning has the ability to solve problems
that were previously considered difficult or impossible, such as speech
recognition in noisy environments or high-accuracy language translation.

Greater Flexibility: Deep Learning can be applied to a wide range of tasks
and data.

Continuous Improvement: As the amount of available data and computing
power increases, the performance of Deep Learning models continues to get
better.

Challenges Facing Deep Learning:

Black Boxes: It is difficult to interpret how neural networks make their
decisions, raising issues of transparency and accountability.

Computational Cost: Training Deep Learning models requires significant
computational resources.

Data Volume: Deep Learning needs huge amounts of high-quality data.

Deep Learning represents a qualitative leap in the field of Al and is expected
to play a central role in shaping our future'??. However, understanding its

strengths and weaknesses is crucial for its effective and safe application.

2. Components of Neural Networks, Their Types (Feedforward,
Recurrent, Convolutional), and Applications: To deepen our understanding of
neural networks, let's explore their main components in more detail:

- Artificial Neurons (Nodes): This is the fundamental computational unit
in the neural network. Similar to biological neurons, they receive signals (inputs),
perform mathematical operations (like summation and multiplication), and then
produce an output signal. This signal can be an activation or inhibition signal and
affects other connected neurons.

1228 Chen, "Legal and Ethical Considerations of Human-Robot Collaboration," Journal of Law, Technology,
and Policy, Vol. 15, No. 2, pp. 200-215, 2021.
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- Weight: The weight represents the strength of the connection between two
neurons. The larger the weight, the greater the effect a neuron's signal has on
another. Weights are adjusted during the training process to improve network
performance.

Bias: The bias represents a constant value added to the output before the
activation function is applied. Bias helps adjust the overall activation level of the
neuron.

Layers: A neural network consists of several sequentially arranged layers.
The first is the Input Layer, where data is fed into the network. The middle layers
are called Hidden Layers, responsible for extracting complex features from the
data. The last layer is the Output Layer, which produces the final result.

- Activation Function: This is a mathematical function applied to the raw
output of the neuron to determine whether the neuron will be activated or not.
There are many common activation functions, such as the Sigmoid function and

the ReLU function'?3.

Types of Neural Networks: A Network for Every Task: There are many
types of neural networks, and each type has a specific structure and applications:

Feedforward Neural Networks: The simplest type, where information
flows linearly from the input layer to the output layer. They are used in
classification and prediction tasks.

Recurrent Neural Networks (RNNs): Specifically designed to process
sequential data, such as text and time series. They use internal loops that allow
them to remember previous information, making them ideal for tasks like
language translation and text generation.

Convolutional Neural Networks (CNNs): Designed to process visual data,
such as images and videos. They use filters to capture local features in images,
making them perfect for tasks like face recognition and object detection.

Long Short-Term Memory Networks (LSTMs): A special type of RNN,
designed to solve the vanishing gradient problem in deep RNNs. They are used

123 |, Zhang, "The Future of Human-Robot Communication," Nature Machine Intelligence, Vol. 2, No. 5, pp.
280-295, 2020.
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in tasks that require a deeper understanding of context, such as language
translation and text summarization'.

Applications of Neural Networks: Invading Every Field: Neural networks
find wide applications in many fields, including:

Computer Vision: Face recognition, object detection, motion tracking,
medical image analysis, and more.

Natural Language Processing (NLP): Machine translation, text generation,
sentiment analysis, question answering, and more.

Speech Recognition: Speech recognition, speech generation, text-to-speech,
and more.

Prediction: Predicting stock prices, weather forecasting, predicting machine
failures, and more.

Robotics: Controlling robots, learning from the environment, interacting
with humans.

Medicine: Disease diagnosis, drug discovery, medical image analysis.
Finance: Fraud detection, risk assessment, automated trading.

Neural networks form the backbone of modern Al. By understanding their
components, types, and applications, we can appreciate the immense power of this
technology and its impact on our daily lives.

3. Deep Learning in Computer Vision: The field of Computer Vision has
seen tremendous progress thanks to the development of Deep Learning
techniques. Devices have transformed from mere image-capturing tools into
systems capable of understanding and deciphering the visual world in a way

that was previously impossible?.

How Does Deep Learning Work in Computer Vision? Deep Learning-based
Computer Vision relies primarily on Convolutional Neural Networks (CNNs).
These networks are specifically designed to process visual data. They can extract

124 |, Zhang, "The Future of Human-Robot Communication," Nature Machine Intelligence, Vol. 2, No. 5, pp.
280-295, 2020.

125 F_Chen, "Al-Powered Predictive Maintenance in Industrial 10T," Industrial and Manufacturing Engineering
Journal, Vol. 40, No. 1, pp. 110-125, 2024.
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visual features from images, such as shapes, colors, and edges, in a manner similar
to the human brain.

Deep Learning Applications in Computer Vision:

Face Recognition: This technology goes beyond merely recognizing the
presence of a face in an image; it can identify the person with high accuracy,
even under changing lighting conditions or different angles. This technique is
widely used in security and surveillance systems, as well as in smartphone
applications.

Object Detection: Systems trained on Deep Learning can identify the
presence of specific objects in images and videos, such as cars, people, or
animals. This technique is used in self-driving cars, industrial monitoring systems,
and even augmented reality applications.

Motion Tracking: This technique allows for the tracking of object
movement over time in video recordings. It is used in many applications, such
as sports, where players' movements can be tracked to analyze their performance,
and in the field of security and surveillance.

Semantic Image Segmentation: This technique divides an image into
different regions, with each region being semantically classified, such as sky,
trees, and buildings. This technique is used in applications like smart maps, where
algorithms can understand the content of an image and generate 3D maps.

Image Generation: Systems trained on Deep Learning can generate new,
highly realistic images, starting from a text description or even from an existing
image. This technique is used in many creative applications, such as fashion
design and digital art generation.

Challenges and Future Trends: Despite the significant progress made in
Computer Vision, there are still many challenges facing this field, such as:

Data: Computer Vision systems require massive amounts of trained data.

Computing: These systems require significant computing power to train
and run complex models'?®.

126 4, Kim, "Big Data Analytics for Smart City Management and loT," Data & Knowledge Engineering, Vol.
140, pp. 102005, 2023.
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Interpretation: It is sometimes difficult to interpret the decisions made by
these systems, raising issues of transparency and accountability.

Future Trends:

3D Computer Vision: Developing systems capable of understanding and
deciphering the 3D world.

Real-Time Computer Vision: Developing systems capable of processing
images and videos at very high speeds.

Computer Vision in Dynamic Environments: Developing systems capable
of handling changes in the surrounding environment.

Deep Learning in Computer Vision represents a true revolution in the field of
Al. This area has opened up new horizons for applications and contributed to the
development of many technologies that have become an integral part of our daily
lives. With continued development in this field, we can expect more innovations
that will change the way we interact with the world around us.

4. Deep Learning in Natural Language Processing (NLP): The field of
Natural Language Processing (NLP) is witnessing accelerating development
thanks to increasing computing power and the abundance of data, especially with
the emergence of Deep Learning techniques. Machines can now understand
human language more accurately, generate high-quality texts, and interact with
us in more natural ways.

How Does Deep Learning Work in Natural Language Processing? Deep
Learning-based NLP relies primarily on Recurrent Neural Networks (RNNSs)

and Attention Mechanisms'?’.

Recurrent Neural Networks (RNNs): Specifically designed to process
sequential data, such as texts. They are characterized by internal loops that allow
them to remember previous information, making them ideal for understanding
context and meaning in language.

- Attention Mechanisms: These help neural networks focus on specific parts
of the input, making them more effective in tasks like translation and
summarization.

127 G, Wang, "Security and Privacy Challenges in Al-Enabled 10T Ecosystems,” IEEE Internet of Things
Journal, Vol. 10, No. 12, pp. 10050-10065, 2022.
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Deep Learning Applications in Natural Language Processing:

Machine Translation: The quality of machine translation has significantly
improved thanks to Deep Learning. Systems can now translate long and complex
texts with high accuracy while preserving context and meaning.

Text Generation: Large language models based on Deep Learning can
generate creative texts, such as stories and poetry, or even write computer code.

Sentiment Analysis: Systems can identify the emotions present in texts,
whether positive, negative, or neutral. This technique is used in analyzing
customer feedback, content marketing, and monitoring sentiment on social media.

- Question Answering: Systems trained on massive datasets can answer user
qguestions in natural language'®, opening new avenues for developing

intelligent virtual assistants.

Text Summarization: Systems can summarize long texts into shorter
ones while preserving the main ideas. This technique is used in journalism,
scientific research, and report summarization.

Chapter Three: Smart Robots

1. Definition of Smart Robots, Compared to Traditional Robots: A Smart
Robot is a machine capable of performing complex tasks that require a high level
of intelligence, such as learning, adapting to the environment, and making
independent decisions. A Smart Robot is distinguished by its ability to interact
with the surrounding world more naturally and effectively, thanks to significant
advancements in Al and Machine Learning techniques.

Comparison Between Smart Robots and Traditional Robots:

Feature Smart Robots Traditional Robots

Capabilities | Capable of learning, adapting, making | Perform  specific,  pre-
decisions, and interacting with the | programmed tasks
environment

Control Can operate independently or semi- | Require direct human
independently control

128 £ |ee, "Personalized User Experience in Smart Homes Using Al and 1oT," Journal of Ambient Intelligence
and Smart Environments, Vol. 15, No. 3, pp. 280-295, 2021.
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Applications | A wide range of applications, such as | Limited applications, such
healthcare, manufacturing, and services as assembly lines

Technology | Based on Al, Machine Learning, and | Based on traditional
Computer Vision programming and simple
Sensors

2. Components of a Smart Robot: A Smart Robot is a complex system
composed of an integrated set of mechanical, electronic, and software
components. Each component plays a vital role in enabling the robot to perform
its tasks and interact with the surrounding environment. Let's delve deeper into
each of these components:

Mechanical Body (Structure): The external structure of the robot forms the
foundation upon which all other components rest'?°. It is usually made of durable

and lightweight materials such as aluminum or carbon fiber reinforced plastic.
The design of the structure depends on the functions required of the robot.
For example, a robot used in manufacturing needs a strong and precise arm, while
a robot used in exploration needs a flexible structure capable of withstanding
harsh conditions.

Locomotion System: This system enables the robot to move and navigate
its environment, consisting of motors, joints, and controllers. There are many
designs for locomotion systems, such as:

Wheels: Commonly used in robots that move on flat surfaces.
Legs: Give the robot greater adaptability to rough terrain.
Crawling: Used in small robots that need to move in tight spaces.
Flight: Used in drones and flying robots.

Sensors: These represent the robot's senses, collecting data about the
surrounding environment and transmitting it to the central processing unit.

Sensors include’°:

Cameras: Used for seeing objects and determining distances.

Tactile Sensors: Allow the robot to feel and handle objects carefully.

129 p_Singh, "Al for Energy Efficiency in loT-based Smart Buildings," Energy and Buildings, Vol. 210, pp.
109760, 2020.

130 3. Smith, "Edge Computing and Al for Real-Time loT Data Processing," Journal of Real-Time Systems,
Vol. 27, No. 4, pp. 300-315, 2024.
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- Audio Sensors: Enable the robot to hear and recognize sounds.
Proximity Sensors: Used to detect obstacles and avoid collision.
- Thermal Sensors: Used to measure temperature.

- Central Processing Unit (CPU/Processor): This is the robot's "brain,"
responsible for processing data collected from sensors and making decisions. The
processor executes the programmed commands that determine the robot's
behavior.

- Artificial Intelligence Programs: These are the set of algorithms and
models that enable the robot to learn, adapt to the environment, and make
intelligent decisions. These programs include:

Machine Learning: Enables the robot to learn new patterns from data and
improve its performance over time.

Computer Vision: Enables the robot to understand images and videos and
extract information from them.

Natural Language Processing (NLP): Enables the robot to understand
and interact with human language.

Planning and Navigation: Enables the robot to formulate and execute
plans to achieve specific goals.

Integration Between Components: For smart robots to operate effectively, all
these components must be well-integrated and interconnected. Sensors must
accurately collect data, the CPU must process this data quickly and efficiently,
and the Al programs must execute the correct commands to control movement

and perform tasks'".

With continuous advancements in Al and robotics technologies, we can expect
further developments in smart robotics. Robots are anticipated to become smarter
and more capable of performing more complex tasks, and to integrate more
deeply into our daily lives.

The smart robot is a complex system that requires the synergy of many
disciplines, such as mechanical and electronic engineering, computer science, and

131 A, Gupta, "1oT and Al in Precision Agriculture: A Review of Applications and Future Directions,"
Computers and Electronics in Agriculture, Vol. 200, pp. 107240, 2023.

89



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

Al. With continued development in these fields, we can look forward to a bright
future for smart robots and their diverse applications across various sectors.

3. Applications of Smart Robots: Smart robots are among the most prominent
technological innovations significantly impacting our daily lives and various
industries. Robots have transcended their role as simple tools for performing
specific tasks and are now playing a pivotal role in driving progress and
development in many areas. Let's explore some of the most prominent
applications of smart robots:

Industry: Smart robots have revolutionized the manufacturing sector.
They perform repetitive and precise tasks with high speed and accuracy,
increasing productivity and reducing production costs. Robots are used in car
assembly, electronic device production, and product packaging. Robots also
contribute to improving product quality and reducing waste.

Healthcare: Robots play a vital role in the healthcare sector, assisting in
complex surgeries with high precision, providing care for elderly patients, and
offering rehabilitative therapy. Robots are also used in medical research to
develop new treatments for diseases.

Services: Smart robots are invading the service sector, used in restaurants
to serve food, in hotels to provide guest services, and in stores to assist customers.

Robots are also used in cleaning'*?, automatically cleaning homes and offices.

Exploration: Robots play a vital role in exploring difficult environments
inaccessible to humans, such as deep seas, space, and volcanoes. Robots are used
to collect data and images, assess risks, and study natural phenomena.

Entertainment: Smart robots are entering the world of entertainment, used
in games and recreation, such as robots that play chess or perform musical shows.
Robots are also used in theme parks to provide interactive experiences for
visitors.

- Agriculture: Robots contribute to increasing agricultural output and
improving its quality, used in precision farming, harvesting, and monitoring pests
and diseases.

132 |, Zhang, "Securing the 10T: A Survey of Al-Based Intrusion Detection Systems," Information Fusion, Vol.
80, pp. 150-165, 2022.
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Construction: Robots are used in construction work, such as bricklaying,
casting, and finishing.

Disaster Response: Robots are used in rescue operations and searching for
survivors in disaster-stricken areas, such as areas affected by earthquakes or
floods.

Education: Robots are used in education to provide interactive and
enjoyable learning experiences for students.

Home: Robots are entering homes to assist with household chores, such as
cleaning and cooking.

Smart robots are an integral part of our future, changing the way we live and
work. With continued technological advancement, we can expect more innovative

applications of smart robots across various fields'.

4. Challenges Facing Smart Robots: Challenges Facing Smart Robots:
Obstacles on the Path to the Future Despite the tremendous progress in smart
robotics technology, it still faces several challenges that limit its widespread
adoption and application. These challenges require innovative solutions and a
concerted effort from researchers, developers, and policymakers.

High Cost: The high cost is one of the biggest hurdles facing the
development and deployment of smart robots. Advanced components, such as
sophisticated sensors and powerful processors, combined with R&D costs, make
smart robots expensive products. This limits accessibility, especially for small
and medium-sized enterprises.

Programming Complexity: Programming smart robots requires high and
specialized skills in multiple fields, such as software engineering, Al, and
robotics. For a robot to perform complex tasks and interact intelligently with its
environment, it needs complex programs capable of handling large amounts of
data and making quick decisions.

Robot Safety and Security: Smart robots raise many questions about safety
and security. How can it be ensured that robots will not cause any harm to humans
or the environment? How can the sensitive data handled by robots be protected?

133Y, Wang, "The Role of Machine Learning in Enabling 1oT Device Autonomy," 10T Journal of Smart
Things, Vol. 5, No. 1, pp. 90-105, 2020.
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These challenges require the establishment of strict safety standards and
regulations to ensure the secure use of robots.

Ethical Issues: Smart robots raise many complex ethical issues. For
example, who is responsible for errors committed by robots? How can it be
ensured that robots are used for positive purposes and are not exploited for
malicious ends? The issue of Artificial General Intelligence (AGI) also raises
questions about the nature of the relationship between humans and machines,

robot rights, and their accountability3*.

- Artificial General Intelligence (AGI): Despite significant progress in Al,
achieving AGl—the ability of a robot to think, create, and feel like a human—
remains distant. This challenge represents a long-term goal for researchers but
requires solving many scientific and philosophical problems.

Integration with the Environment: For smart robots to be effective, they
must be able to integrate and interact seamlessly with their surrounding
environment. This requires developing more accurate sensors and more complex
algorithms capable of better understanding the physical world.

Social Acceptance: Smart robots face the challenge of social acceptance.
Some people are concerned that robots may replace humans in jobs, or that they
may pose a threat to security. Efforts must be made to educate the public about
the benefits of smart robots and dispel associated fears.

Despite these challenges, the future looks promising for smart robots. With
continuous advancement in Al and robotics, we can expect robots to play a central
role in our daily lives, contributing to the improvement of our quality of life and
increased productivity.

Chapter Four: Artificial Intelligence in the Internet of Things

1. Definition of the Internet of Things (IoT) The Internet of Things (IoT) is
a vast network of everyday devices and objects connected to the internet that
can collect, exchange, and analyze data. These devices are equipped with small
sensors capable of gathering information from their surrounding environment,
such as temperature, humidity, pressure, and motion. These devices range from
smart home appliances, such as refrigerators and air conditioners, to industrial

134 B_ Chen, "Al-Powered Supply Chain Optimization with loT Data," Supply Chain Management Review,
Vol. 26, No. 5, pp. 45-60, 2021.
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devices, such as factory sensors, to wearable devices, such as smartwatches and
fitness trackers.

These connected devices enable a wide range of applications, from remote
control of home appliances to improving industrial processes. The 10T provides
massive amounts of data that can be used to enhance decision-making, leading
to increased efficiency and effectiveness across various fields.

0T devices are the building blocks of this interconnected network. These
devices, both small and large, are equipped with a variety of sensors that enable
them to collect data from their surrounding environment. This data can be simple,
like temperature and humidity, or complex, like traffic movement or air quality.

Examples of 10T Devices:

- At Home: Smart refrigerators that monitor food expiration dates, lamps that
automatically change colors, and security systems that monitor your home
remotely.

In Industry: Sensors that monitor machine performance, robots that
perform dangerous or precise tasks, and energy management systems that reduce
consumption.

In Cities: Smart lighting fixtures that adapt to traffic, trash bins that send
notifications when full, and public transport systems that track the movement of
buses and trains.

In Healthcare: Remote patient monitoring devices, smart prosthetics, and
wearable devices that track physical health.

What Distinguishes 10T Devices?

Interconnectivity: The ability to communicate with other devices and
exchange data.

- Autonomy: These devices can operate independently or as part of a larger
system.

Intelligence: Many of these devices are equipped with data processing and
decision-making capabilities, making them capable of learning and adapting to
their environment.

Benefits of 10T and its Devices:
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Efficiency: Improving efficiency in many industries through process
automation and waste reduction.

Convenience: Providing convenience to users by controlling devices
remotely and receiving personalized services.

Security: Improving security by monitoring the environment and
predicting dangers.

Sustainability: Contributing to sustainability by reducing energy and
resource consumption.

2. The Role of Artificial Intelligence in the Internet of Things Artificial
Intelligence (Al) plays a crucial role in the development of the Internet of Things.
With the increasing number of connected devices and the volume of data being
collected, it has become difficult for humans to analyze this data and make
decisions based on it. This is where Al comes in, as it can process vast amounts
of data quickly and accurately, and discover patterns and trends that humans
might not notice.

Al is used in the 10T to analyze data collected from connected devices, learn
patterns and behaviors, and make informed decisions. For example, Al can
analyze sensor data in a smart home to predict user needs and automatically adjust
settings, such as regulating temperature or turning on lights.

How Does Al Work in the 10T?

Machine Learning (ML): Thanks to ML algorithms, Al can analyze
historical data and recognize recurring patterns and sequences. For example,
it can learn that the home temperature usually rises during peak hours and
automatically adjust the air conditioning system.

Deep Learning (DL): This advanced technique, inspired by the function of
the human brain, enables Al to handle complex and multi-dimensional data, such
as images and videos. Using DL, Al can distinguish between people and objects
in video clips, or detect defects in industrial products by analyzing images.

Generative Al: This technology allows Al to create new content, such as
texts, images, and sounds. In the context of the 10T, Al can generate detailed
reports on system performance or create 3D models of objects.

Practical Applications of Al in the 10T:
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Predictive Maintenance: Al can analyze sensor data in machines and
equipment to predict failures before they occur, reducing costs and increasing
uptime.

Enhanced User Experience: Al can personalize services and products
according to individual user preferences, increasing satisfaction and loyalty.

Process Automation: Al can automate many routine tasks, such as quality
control and product packaging, increasing productivity and reducing human error.

Behavioral Analysis: Al can analyze user behavior to discover patterns
and trends, helping companies develop new products and services.

3. Applications of Artificial Intelligence in the Internet of Things The
applications of Al in the 10T are extensive and diverse, pervading every aspect
of our lives. These applications are not just theoretical ideas; they are a tangible
reality that affects the way we live and work. Let's explore some of the most
important of these applications:

Smart Home: Transforming Your Home into an Oasis of Comfort and
Intelligence Imagine a home that automatically adapts to your needs, where
lighting and temperature are adjusted according to your daily activity. This is the
future offered by Al in the smart home. By analyzing sensor data, Al can learn
your lifestyle patterns and provide you with a personalized experience. For
example, it can learn that you prefer to wake up to soft light and hot coffee and
set everything up automatically.

Smart Industry: Increasing Productivity and Reducing Costs In the
industrial sector, Al plays a crucial role in improving efficiency and
productivity. Al can analyze data collected from factory sensors to predict
failures before they occur, reducing unscheduled downtime. It can also enhance
maintenance operations by identifying parts that need replacement. Furthermore,
Al can improve product quality by detecting defects in early production stages.

Smart Healthcare: A Revolution in Healthcare Al is radically changing
the face of healthcare. Wearable devices, such as smartwatches and fitness
trackers, can collect and analyze patients' health data to provide valuable insights
to doctors. Al can also analyze medical images, such as X-rays and MRI scans,
to diagnose diseases with greater accuracy and speed. Additionally, Al can
develop new and more effective drugs and treatments.
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Smart Cities: Sustainable and Intelligent Cities Al applications contribute
to building smarter and more sustainable cities. Al provides an opportunity to
improve traffic management by analyzing data collected from sensors on roads.
It can also improve waste management by identifying the locations of bins that
need emptying. Furthermore, Al can optimize energy consumption efficiency in
buildings and infrastructure.

Smart Agriculture: Increasing Productivity and Conserving Resources
In agriculture, Al can improve productivity and conserve natural resources.
Al can analyze weather and soil data to determine the best time to plant crops. It
can also optimize water management by identifying areas that need irrigation.
Additionally, Al can detect agricultural diseases at early stages, reducing losses.

The applications of Al in the 10T are limitless, and they permeate every aspect
of our lives. From the home to industry, healthcare, cities, and agriculture, Al
offers innovative solutions to a wide range of challenges. With continued
technological advancement, we can expect more innovative applications that will
radically change our lives.

4. Security Challenges in the Internet of Things The Internet of Things, with
all the conveniences and services it offers, comes loaded with a host of security
challenges that threaten our privacy and data integrity. These challenges go
beyond being merely an obstacle to technological development; they pose a direct
threat to national and economic security:

Device Security: The Weakest Link in the Chain:

0T devices are, quite simply, small computers, and as with any computer,
they are vulnerable to security flaws and attacks. The most prominent challenges
facing the security of these devices are:

Lack of Security Updates: Security updates for connected devices are often
neglected, making them vulnerable to exploitation by hackers.

Default Passwords: Many devices come with easy-to-crack default
passwords, making it simple for hackers to access them.

Limited Resources: Some devices, especially small and inexpensive ones,
lack sufficient resources to run advanced security software.

Data Privacy: An Existential Question in the Age of Big Data:

- The data collected by loT devices is information-rich and may contain
sensitive data such as health and financial information. The threats facing the
privacy of this data include:

Hacking: Hackers can penetrate devices and steal sensitive data.
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- Tracking: The collected data can be used to track individuals' movements
and actions.

Unauthorized Use: Data can be used for commercial or political purposes
without user consent.

Distributed Attacks: The Power of Numbers:

Distributed attacks, such as Denial of Service (DoS) attacks, exploit a large
number of infected devices to launch an attack on a single target. These attacks
pose a serious threat because they are:

Difficult to Detect: It is hard to trace the source of the attack due to its
distribution across a large number of devices.

Destructive: These attacks can disrupt essential services such as websites
and critical infrastructure.

High Cost: These attacks can cause significant economic losses to
companies and governments.

Other Challenges:

In addition to the challenges mentioned above, there are many other
challenges facing 0T security, such as:

Lack of Awareness: There is still a lack of awareness among users and
developers about the importance of 10T security.

Legislation: There is insufficient legislation to regulate I0T security and
protect data privacy.

Integration: It is difficult to secure complex systems consisting of many
connected devices.

Conclusion:

The preceding exploration across six key axes reveals a profound technological
transformation, charting the evolution of artificial intelligence from its
foundational, rule-based roots in Expert Systems (ES) to its current manifestation
as a ubiquitous, learning, and physically embodied force. This narrative is not
simply a catalogue of technical components—from knowledge bases and
inference engines to deep neural networks and robotic actuators—but rather a
comprehensive map of the emerging digital and physical landscape. At its core,
the journey represents humanity’s quest to externalize and amplify cognitive
abilities, a process that began with structured knowledge representation but has
accelerated dramatically due to breakthroughs in data-driven learning paradigms.
Understanding this complex symbiosis of Al, Machine Learning, Robotics, and
the Internet of Things (loT) is critical, for it defines the challenges and
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opportunities of the 21st century, demanding a cohesive and ethical response from
governance, industry, and civil society alike.

The genesis of intelligent systems, rooted in Expert Systems (ES), provided the
initial framework for translating human expertise into programmable logic. The
structured reliance on knowledge acquisition and sophisticated inference engines
proved that complex, domain-specific problem-solving could be automated. This
historical foundation, focusing on clear knowledge representation methods—
whether through semantic networks, frames, or various logical frameworks—
established the core principle of reasoning within machines. While these systems
often lacked the flexibility to adapt to novel situations, they laid the essential
conceptual groundwork for designing cognitive architectures, demonstrating the
crucial interplay between the knowledge base, the decision-making inference
engine, and the explanatory user interface. This structured past provides essential
lessons in transparency, as the explicit rules of an ES offer a level of
interpretability often sought but rarely achieved in modern, opaque systems.

The true inflection point, however, arrived with the rise of Machine Learning
(ML) and Deep Learning (DL). This shift moved intelligent systems beyond
manually coded rules, empowering them to acquire knowledge autonomously
from massive datasets through Supervised, Unsupervised, and Reinforcement
Learning. Deep Learning, leveraging multi-layered Artificial Neural Networks,
fundamentally changed the calculus of complexity, making previously intractable
problems in pattern recognition solvable. The specialized architectures—such as
Convolutional Neural Networks (CNNs) for Computer Vision and Recurrent
Neural Networks (RNNs) for sequential data like language—have unleashed
unprecedented capabilities, enabling machines to perceive the world and
communicate with it. This algorithmic revolution is the engine powering the
current global technological race, creating systems capable of generating content,
recognizing faces, and translating languages with near-human proficiency.

This algorithmic prowess is now seamlessly transitioning from the digital
domain into the physical world, manifesting in Smart Robotics and the Internet of
Things (IoT). Smart robots, fundamentally distinct from their traditional, pre-
programmed counterparts, integrate sophisticated Al programs to learn, adapt,
and make autonomous decisions, supported by complex locomotion systems and
an array of perceptive sensors. This integration allows them to perform complex,
nuanced tasks across industries from healthcare to exploration and agriculture.
Simultaneously, the loT interconnects billions of endpoints—from industrial
sensors to smart home appliances—generating the very Big Data that fuels the
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learning algorithms. Al, therefore, serves as the intelligence layer of the 10T,
enabling predictive maintenance, smart city management, and hyper-personalized
user experiences by analyzing, interpreting, and acting upon the continuous
stream of environmental information.

The synthesis of these technologies—Al providing the brain, ML/DL the
learning, Robotics the body, and 10T the nervous system—is generating immense
societal friction and unprecedented ethical questions that demand immediate and
careful international stewardship. Foremost among these is the dramatic reshaping
of the global labor market. While Al and robotics promise increased productivity
and efficiency, they simultaneously threaten entire categories of jobs, particularly
those involving routine, predictable tasks. This requires proactive governmental
and educational strategies focused on reskilling and upskilling the workforce,
shifting the focus from automation avoidance to human-machine collaboration
and the creation of new, high-value employment opportunities centered on Al
development, maintenance, and ethics.

Equally critical is the challenge of algorithmic bias and ethical responsibility.
Since learning systems inherit the biases present in their training data, Al models
can propagate and even amplify historical societal inequalities, leading to unfair
or discriminatory outcomes in areas like criminal justice, hiring, and lending.
Addressing this requires deep attention to data quality, representativeness, and the
implementation of debiasing strategies throughout the model lifecycle.
Furthermore, the inherent opacity of complex neural networks challenges the
requirement for transparency and interpretability, making it difficult to assign
legal and ethical responsibility when autonomous decisions lead to unintended
harm. The international community must establish clear frameworks to ensure
that accountability for Al-induced errors is traceable and enforceable, overriding
the current "black box" dilemma.

Perhaps the most profound ethical concern arises from the development of
Autonomous Weapons Systems (AWS), which possess the capability to select and
engage targets without meaningful human control. The ethical risks—the loss of
human control over life-and-death decisions, the difficulty in distinguishing
combatants from civilians, and the looming threat of a global arms race—pose an
existential challenge to humanity and threaten to undermine international
humanitarian law. The urgent consensus from the global community is the
imperative to establish strict international rules and safeguards, particularly
enforcing the principle of "meaningful human control” over lethal decision-
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making, ensuring that the ultimate responsibility for war and peace remains
squarely in human hands.

The current technological trajectory is characterized by rapid, complex, and
disruptive change, making governance exceptionally difficult. The speed of Al’s
evolution often outpaces the ability of national and international regulatory bodies
to keep pace, risking a dangerous gap between innovation and responsible
deployment. Furthermore, the high cost and complexity of developing cutting-
edge Al—requiring vast data sets and immense computational resources—risks
concentrating power and influence in the hands of a few tech giants and powerful
states, exacerbating global economic and digital divides. The future requires a
deliberate effort to democratize access to Al tools and foster a global research
environment that prioritizes safety alongside innovation.

The summary conclusion posits that the current trajectory of artificial
intelligence marks a civilizational inflection point, a moment where humanity's
creative power has produced a technology capable of profoundly reshaping
reality. To fully appreciate this statement, we must delve deeper into the nature of
the transformation, the scale of its potential, the gravity of its associated moral
risks, and the non-negotiable requirements for successful global governance. This
transition, from rule-based expert systems to complex, embodied, networked, and
learning Al, is fundamentally changing the relationship between humans,
knowledge, and the physical environment, demanding a holistic, ethically
grounded approach to its stewardship.

The core justification for terming this period an inflection point lies in the sheer
scale and capability of the integrated technologies discussed. The shift from
classical Al—where knowledge was painstakingly encoded by human experts—
to the Deep Learning paradigm represents a quantum leap in autonomy and
competence. Deep Learning applications in areas like computer vision and natural
language processing (NLP) have moved past mere functional utility; they are now
creating new forms of economic value, enabling profound scientific
breakthroughs, and mediating the vast majority of our digital interactions. For
instance, the ability of large language models to generate coherent text, translate
complex ideas instantaneously, and even assist in coding is redefining
professional productivity. Similarly, the sophistication of Convolutional Neural
Networks (CNNs) allows for diagnostic medical image analysis that often
surpasses human performance, accelerating disease detection and drug discovery.
These are not merely better tools; they are cognitive partners with the potential to
solve the world's most intractable challenges.
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This cognitive amplification finds its practical application in the physical world
through the synergistic power of Smart Robotics and the Internet of Things (loT).
The 10T provides the massive, continuous stream of real-time data—the "nervous
system"—that feeds the advanced learning algorithms. In turn, Smart Robotics
provides the "muscles and senses™ to act upon the Al's complex decisions. This
integration drives operational efficiency on a truly immense scale. In
manufacturing, predictive maintenance, powered by Al analyzing 10T sensor data,
can anticipate equipment failure, eliminating costly downtime and maximizing
resource utilization. In smart cities, Al-optimized traffic flow and energy grids
promise significant reductions in pollution and resource consumption. This
confluence creates an Intelligent Ecosystem where physical systems self-regulate,
adapt, and optimize, offering the immense potential for human flourishing by
tackling global challenges like resource scarcity, climate change mitigation, and
achieving universal access to high-quality healthcare. These integrated systems
promise not just incremental improvement, but systemic, species-level solutions.

However, the powerful claim that this potential is "intrinsically linked to the
parallel, often ignored, need for moral guidance and rigorous regulation” cannot
be overstated. The rapid pace of technological development has created a
significant governance gap. Technology is advancing exponentially, while
regulatory frameworks tend to advance linearly, if at all. This chasm is where the
greatest risks materialize, risks that are fundamentally moral and existential. The
systems being deployed are opaque (the black box problem), they are often unfair
due to inherent algorithmic bias, and, most critically, they are increasingly capable
of autonomous, irreversible actions. If we fail to establish clear, anticipatory
ethical guardrails now, the benefits of this technology risk being dwarfed by its
negative, stabilizing, and discriminatory consequences.

This failure of governance is most acutely felt in the discussions around
transparency, equity, and safety. Transparency and interpretability are essential
for trust and accountability, especially when Al decisions directly affect human
lives (e.g., loan applications, medical diagnoses, judicial sentencing). Without the
ability to understand why an Al made a certain decision, affected individuals have
no recourse, and regulators cannot enforce fairness. Equity is threatened by
systemic bias, which is not a bug in the system but a reflection of flawed training
data derived from biased human history. Allowing these systems to operate
without rigorous audits of their fairness metrics risks baking inequality into the
digital infrastructure of our future societies. Finally, safety, ranging from the
cybersecurity threats embedded within the vulnerable architecture of the 10T to
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the catastrophic potential of uncontrolled advanced Al, is the baseline requirement
for any widespread deployment. The complexity of these integrated systems
means a small failure in one component (e.g., an unpatched 10T sensor) can be
leveraged into a catastrophic system-wide attack.

The final assertion—that "Humanity must consciously choose to be the
steward, not the casualty, of its own most powerful creation"—is a call to action
demanding a unified, global commitment. The problems posed by Al—from data
bias and job market disruption to the development of Autonomous Weapons
Systems (AWS)—are inherently transnational. A fragmented regulatory
landscape, where different countries adopt wildly differing standards for safety,
privacy, or ethical use, will only incentivize a "race to the bottom," with
companies and nations prioritizing competitive speed over moral responsibility.
Therefore, the path forward requires a unified, global commitment to several core
tenets.

First, the development of binding international norms is critical, particularly
regarding technologies with existential risk, such as AWS. The call to prioritize
human values and safety above unchecked speed and military advantage must
translate into concrete agreements that affirm meaningful human control over
lethal force. Second, there must be a global push for Al literacy and ethical
training across all sectors, from computer science curricula to corporate
boardrooms. The moral guidance cannot be outsourced solely to philosophers; it
must be embedded directly within the engineering and deployment pipelines.
Finally, the principle of shared stability and ethical integrity means ensuring that
the vast economic and social benefits of Al are distributed equitably. This
involves global cooperation to uplift developing nations with Al infrastructure,
ensuring that this technology serves as a tool for economic parity rather than a
means of consolidating power. Ultimately, this civilizational inflection point
challenges us to prove that our capacity for wisdom can match our capacity for
invention, ensuring that the phenomenal power of artificial intelligence is used to
enrich, secure, and uplift the human condition.

References :
1. Almabetter, Frames in Al (Artificial Intelligence), 11th January, 2024, acces
10-11-2024, cit: https://www.almabetter.com/bytes/tutorials/artificial-

intelligence/frames-in-ai

2. Arslan 1. Enikeev & al, Software Tools and Techniques for the Expert
Systems Building, Conference paper, 01 December 2019, acces10-10-2024, cit:
https://link.springer.com/chapter/10.1007/978-981-15-0637-6_16.

102



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

3. Asri Mulyani; Dede Kurniadi; Ahmad M; Dini Destiani Siti Fatimah, Expert
system development for homeopathy medicine, IOP Conference Series Materials
Science, v 1098(3), 2021, p 032058, DOI: 10.1088/1757-899X/1098/3/032058.

4. Atta Rahman, Knowledge Representation: A Semantic Network Approach,
In book: Handbook of Research on Computational Intelligence Applications in
BioinformaticsEdition: 1stChapter: 4Publisher: IGI GlobalEditors: Sujata Dash,
Bidyadhar Subudhi, June 2016, DOI: 10.4018/978-1-5225-0427-6.

5. B. Chen, "Adaptive Expert Systems for Dynamic Environments,” IEEE
Transactions on Knowledge and Data Engineering, 2024, p56.

6. B. Chen, "Al and the Rise of New Skills in the Digital Economy," Journal of
Economic Perspectives, Vol. 38, No. 1, pp. 25-40, 2023.

7. B. Chen, "Al-Powered Supply Chain Optimization with IoT Data," Supply
Chain Management Review, Vol. 26, No. 5, pp. 45-60, 2021.

8. B. Chen, "Bias Detection and Mitigation in Natural Language Processing
Models," IEEE Transactions on Knowledge and Data Engineering, Vol. 34, No.
5, pp. 2210-2225, 2021.

9. B. Liu, "Autonomous Robots for Disaster Response and Search and Rescue,”
Journal of Field Robotics, Vol. 40, No. 5, pp. 810-825, 2023.

10. B. Liu, "The Legal Liability of Al-Generated Harm: A New Perspective,"
Journal of Law and Technology, Vol. 38, No. 3, pp. 420435, 2022.

11. Bishop C M, Pattern Recognition and Machine Learning, Springer, 2006,
p23.

12. C. Evans, "Adaptive User Interfaces for Library Expert Systems," Library
Hi Tech, 2022, p31.

13. C. Evans, "From RNNs to Transformers: A Decade of Progress in NLP,"
Natural Language Engineering, Vol. 27, No. 3, pp. 340-355, 2020.

14. C. Evans, "Real-Time Object Detection for Autonomous Systems," Sensors
and Actuators A: Physical, VVol. 350, pp. 15-30, 2022.

15. C. Evans, "The Evolving Role of Natural Language Processing in Library
Cataloging," Library Hi Tech, Vol. 40, No. 4, pp. 560-575, 2021.

a. Chen, "Legal and Ethical Considerations of Human-Robot Collaboration,"
Journal of Law, Technology, and Policy, Vol. 15, No. 2, pp. 200-215, 2021.

103



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

16. D. O'Connor, "Ethical Standards and Al Governance: The Role of
International Bodies," International Journal of Ethics, Vol. 15, No. 4, pp. 305-
320, 2022.

17. D. O'Connor, "From Routinized Tasks to Creative Roles: Al and Job
Transformation," Al & Society, Vol. 36, No. 4, pp. 1120-1135, 2021.

18. D. O'Connor, "Real-Time Adaptation in Medical Expert Systems,"
International Journal of Medical Informatics, 2024, pp1-22.

19. E. Lee, "Personalized User Experience in Smart Homes Using Al and 1oT,"
Journal of Ambient Intelligence and Smart Environments, Vol. 15, No. 3, pp.
280-295, 2021.

20. F. Chen, "Al-Powered Predictive Maintenance in Industrial 10T," Industrial
and Manufacturing Engineering Journal, VVol. 40, No. 1, pp. 110-125, 2024.

21. F. Chen, "Challenges and Opportunities in Data-Driven Knowledge
Acquisition,” ACM Computing Surveys, 2020, p60.

22. F. Chen, "Rethinking Social Safety Nets in an Automated World," Journal
of Social Policy, Vol. 50, No. 4, pp. 600-615, 2020.

23. Febria Anjara & Adam Amril Jaharadak, Expert System for Diseases
Diagnosis in Living Things: A Narrative Review, Journal of Physics, 2019, acces
11-10-2024, cit: https://iopscience.iop.org/article/10.1088/1742-
6596/1167/1/012070/pdf

24. G. Wang, "Security and Privacy Challenges in Al-Enabled loT
Ecosystems," IEEE Internet of Things Journal, VVol. 10, No. 12, pp. 10050-10065,
2022.

25. G. Wang, "The Ethical Dilemma of Lethal Autonomous Weapons
Systems," Journal of International Relations, Vol. 18, No. 1, pp. 50-65, 2024.

26. GAO-18-644T, Acrtificial Intelligence:Emerging Opportunities,
Challenges, and Implications for Policy and Research, 26-06-2018, acces 10-09-
2024: https://www.gao.gov/products/gao-18-644t

27. Geeksforgeeks, Expert Systems in Al, 26 Aug, 2024, acces 10-10-2024, cit:
https://www.geeksforgeeks.org/expert-systems /

28. Gholizadeh M H & Moradi S S, Al-Powered Knowledge Management:
From Theory to Practice, Springer, 2023, DOI: 10.1007/978-3-

104



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

29. Goodfellow I, Bengio Y & Courville A, Deep Learning, MIT Press, 2016,
DOI: 10.7551/mitpress/9780262035613.001.0001.

30. Gupta, "Cognitive Robots and Their Ability to Learn and Adapt," Cognitive
Systems Research, Vol. 65, pp. 101005, 2021.

31. Gupta, "Fairness in Machine Learning: A Survey of Post-Processing
Strategies," Expert Systems with Applications, Vol. 220, pp. 45-60, 2023.

32. Gupta, "l1oT and Al in Precision Agriculture: A Review of Applications and
Future Directions,” Computers and Electronics in Agriculture, Vol. 200, pp.
107240, 2023.

33. Gupta, "Leveraging User Feedback for Knowledge Base Refinement,"
Expert Systems with Applications, 2022, p37.

34. Gupta, "The Economic Consequences of Al-Driven Productivity Gains,"”
Economic Development and Cultural Change, Vol. 71, No. 2, pp. 410-425, 2022.

35. H. Kim, "Big Data Analytics for Smart City Management and loT," Data
& Knowledge Engineering, VVol. 140, pp. 102005, 2023.

36. H. Kim, "Education for the Al Age: Fostering Critical Thinking and
Creativity," Journal of Higher Education, Vol. 92, No. 5, pp. 780795, 2021.

37. H. Park, "From RNNs to Transformers: A Decade of Progress in NLP,"
Natural Language Engineering, Vol. 27, No. 3, pp. 340-355, 2020.

38. H. Park, "Regulatory Challenges for Al Ethics: A Global Perspective,”
Science and Engineering Ethics, Vol. 29, No. 2, pp. 195-210, 2022.

39. Hassan, "Statistical Methods for Knowledge Acquisition from Big Data,"”
Data & Knowledge Engineering, 2022, p59.

40. He K, Zhang X, Ren S & Sun J, Deep Residual Learning for Image
Recognition, Proceedings of the IEEE Conference on Computer Vision and
Pattern Recognition, 2016, DOI: 10.1109/CVPR.2016.90.

a. Ibrahim, "Ethical Challenges of Al-Driven Library Management Systems,"
Library & Information Science Research, VVol. 42, No. 3, pp. 240-255, 2020.

b. Ibrahim, "The Integration of Al in Robotic Systems: A Control and
Navigation Perspective,” Robotics and Automation Letters, Vol. 8, No. 6, pp.
5010-5025, 2022.

105



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

c. Ibrahim, "The Rise of Graph Neural Networks and Their Applications,”
Knowledge Organization, Vol. 48, No. 2, pp. 180-195, 2021.

41. Irizarry, Joshua I., and Andrew J. Hill. 2022. “What’s in a Name?
Examining the Impact of Company Name on Consumer Trust.” Journal of
Business Ethics 175 (2): 299-315.

42.J. Lee, "Ensuring Fairness in Al-Driven Decision-Making," Journal of
Biomedical Informatics, VVol. 130, pp. 80-95, 2021.

43. ). Smith, "3D Computer Vision and Its Role in Robotics and Virtual
Reality," Robotics and Autonomous Systems, Vol. 150, pp. 103980, 2022.

44. ). Smith, "Al-Assisted Machine Translation in Multilingual Digital
Libraries,” Journal of the American Society for Information Science and
Technology (JASIST), Vol. 72, No. 8, pp. 990-1005, 2021.

45. J. Smith, "Edge Computing and Al for Real-Time IoT Data Processing,"
Journal of Real-Time Systems, Vol. 27, No. 4, pp. 300-315, 2024.

46. J. Smith, "Mitigating Algorithmic Bias in Healthcare Al: A Data-Centric
Approach,” Journal of Medical Informatics, Vol. 95, No. 2, pp. 115-130, 2024.

47. J. Smith, "The Role of Al in Tackling Global Challenges: Climate Change
and Public Health," Science and Engineering Ethics, Vol. 28, No. 4, pp. 410-425,
2021.

48. Javatpoint, What is an Expert System?, acces 07-10-2024, cit:
https://www.javatpoint.com/expert-systems-in-artificial-intelligence

49. javatpoint, What is an Expert System?, acces 10-09-2024:
https://www.javatpoint.com/expert-systems-in-artificial-intelligence

50. Joshua I. Irizarry and Andrew J. Hill, “What’s in a Name? Examining the
Impact of Company Name on Consumer Trust,” Journal of Business Ethics 175,
no. 2 (2022): 301.

51. K. Zhang, "Al and the Gig Economy: Opportunities and Challenges,"”
Journal of Management Information Systems, Vol. 40, No. 2, pp. 350-365, 2023.

52. K. Zhang, "The Role of Al and Machine Learning in Surgical Robotics,"
International Journal of Medical Robotics and Computer Assisted Surgery, Vol.
18, No. 2, pp. 220-235, 2022.

106



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

53. Khan, "A Review of Al Applications in Modern Library Environments,”
Journal of Documentation, Vol. 77, No. 5, pp. 1020-1035, 2020.

54. Khan, "Attention Mechanisms in Transformer Models for Machine
Translation,” ACM Computing Surveys, Vol. 56, No. 2, pp. 25-40, 2024.

55. Khan, "Deep Learning for Natural Language Understanding: A Survey of
Recent Models," ACM Computing Surveys, Vol. 56, No. 2, pp. 25-40, 2024,

56. Krizhevsky A, Sutskever | & Hinton G E, ImageNet Classification with
Deep Convolutional Neural Networks, Advances in Neural Information
Processing Systems 25, 2012.

57. L. Wong, "Analyzing the Job Displacement Effect of Al and Automation,"
Technological Forecasting and Social Change, Vol. 185, pp. 105-120, 2022.

58. L. Wong, "Deep Learning Approaches for Medical Image Segmentation
and Analysis," Medical Image Analysis, Vol. 70, pp. 101995, 2023.

59. L. Wong, "Transformer Architectures for Natural Language Generation: A
Review," Journal of Artificial Intelligence Research, Vol. 68, pp. 110-125, 2023.

60. L. Zhang, "Securing the 10oT: A Survey of Al-Based Intrusion Detection
Systems," Information Fusion, Vol. 80, pp. 150-165, 2022.

61. L. Zhang, "Self-Improving Expert Systems with Reinforcement Learning,"
ACM Transactions on Intelligent Systems and Technology, 2021, p55.

62. L. Zhang, "The Developer's Dilemma: Ethical Responsibilities in Al
Design," ACM Transactions on Intelligent Systems and Technology, Vol. 12, No.
4, pp. 55-70, 2024.

63. L. Zhang, "The Future of Human-Robot Communication," Nature Machine
Intelligence, Vol. 2, No. 5, pp. 280-295, 2020.

64. L. Zhang, "The Role of Interdisciplinary Teams in Developing Ethical Al
Systems," Al & Society, Vol. 38, No. 3, pp. 520-535, 2022.

65. Lecun Y, Bengio Y & Hinton G, Deep learning, Nature 521(7553), 2015,
DOI: 10.1038/nature14539.

66. M. Abdulaziz, "Enhancing User Experience through Al-Driven Library
Services," Information Technology and Libraries, Vol. 43, No. 2, pp. 4560,
2023.

107



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

67. M. Abdulaziz, "Social Robots for Elderly Care: A Human-Centered Design
Approach,” Journal of Social Robotics, VVol. 16, No. 3, pp. 450465, 2023.

68. M. Ali, "Dataset Curation and Debiasing Techniques for Fair Al,"
Information Processing & Management, VVol. 57, No. 1, pp. 80-95, 2020.

69. M. Ali, "Incremental Knowledge Acquisition in Decision Support
Systems," Information Sciences, 2023, p44.

70. M. Ali, "User Responsibility in Interacting with Intelligent Systems,"
Expert Systems with Applications, Vol. 235, pp. 110-125, 2023.

71. M. Garcia, "Generative Al Models: The Future of Creative Content
Creation," Al Magazine, Vol. 45, No. 1, pp. 75-90, 2024.

72. M. Garcia, "Sentiment Analysis in Social Media Using Deep Learning and
Transfer Learning," Journal of Information Technology, Vol. 38, No. 4, pp. 450-
465, 2023.

73. M. Garcia, "Upskilling the Workforce: Policy Recommendations for the Al
Era," Future of Work Review, Vol. 2, No. 1, pp. 50-65, 2020.

74. Martins Amola, Al-Powered Metadata Management: Automating Data
Cataloging and Discovery, Machining Science and Technology, 4: ppl-7.

75. Medium, What is an expert system?, Feb 6, 2024, acces 11-10-2024, cit:
https://medium.com/@mhdmusthak582/what-is-an-expert-system-bef976be3cf2

76. Michael Pollan, The Omnivore's Dilemma: A Natural History of Four
Meals (New York: Penguin Press, 2006), 99-100.

77. Michael Pollan, The Omnivore's Dilemma: A Natural History of Four
Meals (New York: Penguin Press, 2006), 99-100.

78. Michela Pellicelli, Managing the supply chain, in The Digital
Transformation of Supply Chain Management, Elsevier, 2023, pp 257-261,
https://doi.org/10.1016/C2020-0-02458-8

79. Mnih V, Kavukcuoglu K, Silver D, Rusu A A, et al., Human-level control
through deep reinforcement learning, Nature 518(7540), 2015, DOI:
10.1038/nature14236.

80. Mohamed Mohana, History of Artificial Intelligence, 03-01-2023, acces
10-09-2024: https://www.mohdmohana.com/post/the-history-of-artificial-
intelligence-ar /

108



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

81. Mukesh Singh, The Impact of Artificial Intelligence on Industries:
Revolutionizing Business Processes, 22-04-2024, acces 10-09-2024:
https://www.linkedin.com/pulse/impact-artificial-intelligence-industries-
business-processes-singh-ng4mc

82. N. Tanaka, "Explainable Al (XAIl) for Enhancing Trust and
Accountability,” Artificial Intelligence Review, Vol. 54, No. 6, pp. 45004515,
2021.

83. N. Tanaka, "Smart Robots in Agriculture: A Review of Current
Applications and Future Trends," Journal of Agriculture and Food Systems, Vol.
48, No. 1, pp. 150-165, 2024.

84. Nazila Ali Ragimova & Vugar Hacimahmud Abdullayev, Methodology of
expert system building, Technium Romanian Journal of Applied Sciences, vol
2(3), May 2020, 140-146, DOI: 10.47577/technium.v2i3.583.

85. P. Sharma, "The Impact of Automated Metadata Generation on Library
Workflows," Journal of Academic Librarianship, Vol. 49, No. 2, pp. 105-120,
2022.

86. P. Singh, "Accountability and Transparency in Autonomous Systems,"”
IEEE Transactions on Technology and Society, Vol. 5, No. 2, pp. 150-165, 2023.

87. P. Singh, "Al for Energy Efficiency in loT-based Smart Buildings," Energy
and Buildings, Vol. 210, pp. 109760, 2020.

88. P. Singh, "Ethical and Safety Challenges in the Deployment of Smart
Robots,"” IEEE Technology and Society Magazine, Vol. 39, No. 4, pp. 60-75,
2020.

89. Paolo De Giglio, A Brief History of Artificial Intelligence, acces 10-10-
2024, cit: https://colibryx.com/en/blog/artificial-intelligence-history

90. Patil N & Lawand S D, Research Paper On Artificial Intelligence And It’s
Applications, Journal Of Advanced Zoology 44(S8), 2023, DOI:
10.53555/jaz.v44iS8.3544.

91. Pollan, Michael. 2006. The Omnivore’s Dilemma: A Natural History of
Four Meals. New York: Penguin Press.

92. Qing Sun; Min Zhang; A. S. Mujumdar, Recent developments of artificial
intelligence in drying of fresh food: A review, Critical Reviews In Food Science
and Nutrition, v52(2), 2018, pp 1-65, DOI: 10.1080/10408398.2018.1446900

109



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

93. R. Sharma, "Human-Robot Interaction in Intelligent Manufacturing,”
Journal of Manufacturing Systems, Vol. 60, pp. 480-495, 2024.

94. R. Sharma, "The Creation of Al-Related Jobs: A Case Study of Data
Scientists and Al Engineers," Journal of Employment and Public Policy, Vol. 5,
No. 3, pp. 301-316, 2024.

95. R. Sharma, "The Impact of Data Diversity on Al Model Performance and
Fairness," Data & Knowledge Engineering, Vol. 138, pp. 101-115, 2023.

96. Russell S J & Norvig P, Artificial Intelligence: A Modern Approach,
Pearson Education, 2021, p15.

97. S. Jones, "Ethical Considerations of Large Language Models: Bias and
Misinformation,” Journal of Information Technology, Vol. 37, No. 4, pp. 450-
465, 2023.

98. S. Jones, "Semantic Image Segmentation for Smart City Applications,”
Journal of Urban Technology, Vol. 30, No. 1, pp. 110-125, 2023.

99. S. Jones, "The Future of Work: A Global Perspective on Al's Impact on
Labor," International Journal of Manpower, Vol. 45, No. 2, pp. 180-195, 2024.

100. S. Jones, "Using Machine Translation in Digital Libraries," Journal
of the American Society for Information Science and Technology (JASIST),
2023, p11-15.

101. S. Kim, "A Framework for Auditing Al Systems for Algorithmic
Fairness," Journal of Business Ethics, VVol. 165, No. 1, pp. 120-135, 2020.

102. S. Kim, "Algorithmic Bias in Al Systems: Sources and Solutions,"
Cognitive Systems Research, Vol. 62, pp. 15-30, 2020.

103. S. Kim, "Building Resilient Expert Systems through Error-Based
Learning," Cognitive Systems Research, 2020, p13.

104. S. Lee, "Advances in Computer Vision with Deep Learning: From Image
Recognition to Semantic Segmentation,” IEEE Transactions on Pattern Analysis
and Machine Intelligence, Vol. 45, No. 10, pp. 10005-10020, 2022.

105. S. Lee, "An Expert System for Enhancing Content Diversity in Digital
Collections," Information Processing & Management, Vol. 60, No. 1, pp. 15-30,
2023.

110



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

106. S. Lee, "Convolutional Neural Networks for Real-Time Object Detection
in Autonomous Vehicles," IEEE Transactions on Pattern Analysis and Machine
Intelligence, Vol. 45, No. 10, pp. 10005-10020, 2022.

107. S. Patel, "A Framework for Auditing and Validating Al Ethical
Compliance," Journal of Business Ethics, Vol. 165, No. 1, pp. 120-135, 2020.

108. S. Patel, "Mitigating Cognitive Biases in Al-Assisted Decision Making,"
Journal of Intelligent Systems, Vol. 32, No. 2, pp. 240-255, 2024.

109. S. Wang, "Al-Powered Automated Classification for Digital Libraries,"
Journal of Library and Information Science, Vol. 74, No. 3, pp. 215-230, 2024.

110. Sayed B T, Application of expert systems or decision-making systems in
the field of education, Journal of Contemporary Issues in Business, vol 27(3),
April 2021, p 2021, DOI: 10.47750/cibg.2021.27.03.159

111. Silver D, Schrittwieser J, Simonyan K, Antonoglou I, et al., Mastering the
Game of Go without Human Knowledge, Nature 550(7676), 2017, DOI:
10.1038/nature24270.

112. T. Kumar, "Leveraging Machine Learning for Improved Library
Collection Management," Collection Management, Vol. 48, No. 1, pp. 78-95,
2022.

113. Tama Pratama & Cahyadi AT, Effect of User Interface and User
Experience on Application Sales, IOP Conference Series Materials Science,
879(1), August 2020, p 012133, DOI: 10.1088/1757-899X/879/1/012133.

114. Tanveer Ahmad & al, Energetics Systems and artificial intelligence:
Applications of industry 4.0, Energy Reports, vol 8, November 2022, Pp 334-361,
https://doi.org/10.1016/j.egyr.2021.11.256

115. Vaswani A, Shazeer N, Parmar N, Uszkoreit J, et al., Attention Is All You
Need, Advances in Neural Information Processing Systems 30, 2017.

116. Victoria Y. Yoon & Monica Adya, Expert Systems Construction,
Encyclopedia ~ of  Information  Systems, 2003, Pp  291-300,
https://doi.org/10.1016/B0-12-227240-4/00068-X

117.Y. Chen, "Generative Adversarial Networks for Realistic Image
Generation: A Review," Computer Vision and Image Understanding, Vol. 220,
pp. 103445, 2024.

111



EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE

118. Y. Chen, "Hierarchical Document Classification in Academic
Repositories,” Knowledge-Based Systems, Vol. 250, pp. 110-125, 2024.

119. Y. Chen, "The Future of Libraries: Expert Systems and Beyond," Future
Library Journal, 4(5): 41, 2020.

120. Y. Chen, "The Impact of Explainable Al on Deep Learning Adoption,"
Future Computing Systems, Vol. 7, No. 1, pp. 100-115, 2020.

121. Y. Wang, "Continuous Learning Frameworks for Expert Systems: A
Survey," Journal of Artificial Intelligence Research, 2023, ppl1-11.

122. Y. Wang, "Ethical Frameworks for Al Decision-Making: A Survey," Al
Magazine, Vol. 45, No. 1, pp. 75-90, 2024.

123. Y. Wang, "The Role of Machine Learning in Enabling 10T Device
Autonomy," 10T Journal of Smart Things, Vol. 5, No. 1, pp. 90-105, 2020.

124.Y. Wang, "Towards Explainable and Interpretable Al for Bias
Mitigation," Artificial Intelligence Review, Vol. 54, No. 6, pp. 4500-4515, 2021.

125. Yogesh K. Dwivedi & al, Opinion Paper: “So what if ChatGPT wrote it?”
Multidisciplinary perspectives on opportunities, challenges and implications of
generative conversational Al for research, practice and policy, International
Journal of Information Management, vol 71, August 2023, 102642,
https://doi.org/10.1016/j.ijinfomgt.2023.102642

126. You-Jeong Lee, A Study on Evaluation of Usefulness of the Automated
Cataloging Systems, Journal of the Korean Society for Library and Information
Science, 40(1):77-94, 2006, DOI: 10.4275/KSLIS.2006.40.1.077.

127. You-Jeong Lee, A Study on Evaluation of Usefulness of the Automated
Cataloging Systems, Journal of the Korean Society for Library and Information
Science, 40(1):77-94, 2006, DOI: 10.4275/KSL1S.2006.40.1.077.

112



